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TYLOSES: THEIR OCCURRENCE AND PRACTICAL 
SIGNIFICANCE IN SOME AMERICAN WOODS 


By E.oise Gerry, 
Microscopist, Forest-Products Laboratory, Forest Service 


GENERAL DESCRIPTION OF TYLOSES 


The large open pores or vessels conspicuous in hardwoods frequently 
become closed by growths called tyloses.' These growths render the 
wood practically impermeable to air and liquids. On the split surfaces 
of a wood such as white oak or pignut hickory the tyloses appear in the 
vessel channels as glistening cellular growths resembling masses of soap 
bubbles. (Pl. LIT, fig. 1.) These masses are protrusions from the living 
parenchyma cells of the wood itself into adjacent vessel or tracheid cavi- 
ties. They enter at the thin places or pits in the wall of the wood ele- 
ments (see Pl. LII, figs. 2 and 3), and expand to a greater or less degree. 
In the softwoods (Pl. LVI, fig. 1) tyloses are relatively small, but in the 
hardwoods they frequently form bladderlike sacs of considerable size 
(Pl. LII, figs. 2 and 3, and Pl. LIII, figs. 1, 2, and 3), often developing 
simultaneously in many of the parenchyma cells surrounding the tube- 
like vessel cavities. (Pl. LII, fig. 3.) Under such circumstances, if 
growth is vigorous, the tylosal sacs, after pushing into the vessel cavity, 
grow together, completely filling it. In this way the ability of the 
vessel to conduct air or liquid is effectually checked. (PI. LIII, figs. 1 
and 2.) Sometimes, however, the tylosal growths do not entirely fill the 
vessel, and only a clogging action results. 

The purpose of this study was to determine the occurrence of tyloses in 
the most important commercial species of native woods and their signifi- 
cance in relation to the adaptability of these woods to certain practical uses. 

Observations were made not only of the presence or absence of tyloses 
in a species, but also of the extent and degree of development and the 
regions (sapwood or heartwood) where the growths are found. 





1 These growths received, in 1845, the name ‘“‘ Thylle”’ (tyloses) from a German botanist who signed as 
“Ungenannte,” or ‘‘unknown,” the paper discussing them. ‘This writer is, however, believed by Boehm 
and Winkler to have been Fri. Hermine von Reichenbach. The name “ Thylle”’ is derived from the Greek 
word 0d, meaning a purse or sack. The occurrence of tyloses was, however, noted as early as 1675 by 
Malphigi, in the drawing of a cross section of chestnut wood. They are also given the descriptive name 
“ Fiillzellen,”’ or filling cells, by the Germans. 
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Only a brief discussion is given of the causes leading to the formation 
of tyloses or of their function in the living plant, since studies for this 
purpose have already been made by other investigators. 


MORPHOLOGICAL RELATIONS OF TYLOSES IN WOODY TISSUE 
ORIGIN AND DEVELOPMENT 


A tylose can not be considered as a distinct cell, for as a rule a cell is 
defined as a body consisting of cell substance, cell wall, and cell nucleus. 
With very rare exceptions (Molisch)! a tylose, as found in woody tissue, 
is not completely surrounded by a wall and has no nucleus. It is only a 
portion or prolongation of a wood or medullary-ray parenchyma cell. 
(Pl. LI, figs. 2 and 3; Pl. LVII, fig. 2.) Frequently more than one tylose 
is formed from one parenchyma cell, but only. one active nucleus—that of 
the parenchyma cell—is present, though this may be found in one of the 
tyloses. (Pl. LII, fig. 3.) A parenchyma cell which has given rise to 
two tyloses is shown in Plate LII, figure 2. 

The growing or arching out of tyloses has been found to follow a re- 
duction in internal pressure or cessation in sap conduction in the large 
vessels. When this occurs, the living parenchyma cells, which possess a 
considerable growth potential, expand and press into the adjacent empty 
vessel cavities. In pitted vessels this expansion is localized in the thin 
unlignified membranes of the one-sided bordered pits which are present 
on the dividing walls between vessels or tracheids, and parenchyma 
(De Bary; Green; Haberlandt; Hanausek; Molisch; Rees; Russow; Sachs; 
Strasburger; and Winckler). These membranes contain plasma and 
therefore possess the power of growth. The internal pressure of the 
turgid parenchyma cells, when exerted against these relatively thin spots 
or pits, causes the pit membranes to stretch and grow by intussusception ? 
(Green; Molisch). The protrusions increase gradually in size and finally 
develop into the characteristic bladder-shaped sacs known as tyloses. An 
open passage through the space previously occupied by the unstretched 
closing membrane of the pit is formed in this way between the tylose and 
the parenchyma cell. (Pl. LII, fig. 2.) The contents of the tylose are 
therefore the same as those of the parenchyma cell. 


NORMAL AND ABNORMAL TYLOSE FORMATION 


It has been shown beyond doubt that the wounding of trees through 
cuts or bruises or at the points where branches are broken off tends to 
stimulate tylose formation, and throughout the study this mode of 
tylose formation has been constantly borne in mind. Generally, how- 
ever, tyloses are not due to wounding. They are a characteristic feature 
of the normal uninjured wood of many families of trees. Nevertheless, 





1 Bibliographic citations in parentheses refer to ‘‘ Literature cited,’’ pp. 468-469. 
2 “Tntussusception’’ means in botany, according to Nagéli, the growth of cell walls by the irregular inter- 
position of new solid particles between those already in existence. 
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the wood produced by felling the tree may have an important bearing on 
the presence of tyloses in the outer rings of a log, where the parenchyma 
cells are still living and capable of growth. It is possible to find in these 
rings young or old, or large and small, tyloses together in the same vessel. 
(Pl. LIV, R3.) Although exceptions have been noted, the idea that a 
considerable number of the outer rings are entirely free from tyloses 
has, however, been very generally accepted (Strasburger).1 The data 
obtained from the present study show that there is a very considerable 
formation of tyloses in the outer rings of the sapwood. The question 
then arose as to whether these sapwood tyloses were of normal origin or 
whether they were due to some wound stimulus, such as the felling of 
the tree. It was finally concluded that they were normally formed 
tyloses, because their development throughout the vessels was very 
uniform instead of being sporadic or irregular, as in the case of tyloses 
associated with wounds (Pl. LIV, Ri and R2), and because an exami- 
nation of branches from living trees of Rhus, the sumach, Catalpa, and 
Robinia, the black locust, made immediately after cutting, confirmed the 
other observations of the relatively early formation of tyloses in many 
species. In material which was not received for examination until 
several weeks after it was cut, thin, irregularly distributed tyloses were 
often found in the outer vessels, though the latter must have been func- 
tioning in sap condition at the time the tree was felled. 

It is noteworthy also that in this study tyloses were found to reach the 
most remarkable development in ring-porous woods, such as oak, hickory, 
black locust, or osage orange. (PI. LIII, figs. 1 and 3, and Pl. LVI, 
fig. 2.) In woods where tyloses are few and scattered there is consider- 
able variation from specimen to specimen in the actual number of tyloses 
present. This tendency is clearly shown in the woods of the diffuse 
porous group. (Table II.) It is also noticeable that in the two or three 
rings surrounding the pith in a diffuse porous wood tyloses are often 
much more abundant than elsewhere in either the heartwood or sapwood. 


. EFFECT OF THE DISTRIBUTION OF PARENCHYMA TISSUE 

Since tylose formation depends upon the presence of parenchyma cells 
either in the form of wood parenchyma or medullary rays in close prox- 
imity to vessels or tracheids, the variation in position, abundance, and 
vitality of these cells affords at least a partial explanation of the irregular 
development of tyloses in different species of wood. Parenchyma tissue 
is considerably developed in the following families and their respective 
genera.” This study has shown that in these families are a large number 
of native woods exhibiting tyloses. 





1 Tyloses are . . . instrumental in closing the water courses of the heartwood. ... These are intrusive 
growths from living cells which penetrate the cavities of the adjoining tracheal elements during the transi- 
tion of sapwood into heartwood. 

2Solereder, Hans. Systematic Anatomy of the Dicotyledons . . . v. 2, p. 1143. Oxford, 1908. Certain 
other woods with abundant parenchyma frequently produce gummy substances rather than tyloses. 
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Family. Genera. 
Cupuiifere or Fagacezee Castanea, Fagus, Quercus, 
TUBIATG ACER. 5. o:0:056:00 50:00:00 vig a aie: vid: 0c0re 5 oD PING, 
Papilionacez Robinia. 
Magnoliacez......... Liriodendron, Magnolia. 
Moracezx Morus, Toxylon. 


The arrangement of wood parenchyma cells in the annual ring has 
been divided ' into three different types, as follows: 


1. Terminal parenchyma, which is situated at the periphery of the annual growth 
ring, on the outer face of the summer wood. 

2. Metatracheal or diffuse parenchyma, which is scattered among the other ele- 
ments in the ring, usually forming tengential bands. 

3. Paratracheal or vasicentric parenchyma, or parenchyma cells, aggregated around 
the vessels. 


TasLe I.—Native woods grouped according to the degree of tylose development and the 
most marked distribution of wood parenchyma in ring.” 


ABUNDANT TYLOSES.’ 





Type of 


Type of 
| parenchyma, 


Species. ; 
parenchyma, 


Species. 


Catalpa speciosa........ ......| Paratracheal. Hicoria orata Paratracheal. 
Chilopsis linearis.............. Do. Juglans cinerea cae Do. 
Morus rubra Serine . Do. oe a | Do. 
Rhus hirta le ote ges ant Do. Quercus alba ee Do. 
Robinia pseudacacia. . Seer: Do. garryana Do. 
Toxylon pomiferum....... Do. Se Do. 
Hicoria alba Do. Do. 
aquatica | Do. macrocarpa Do. 
glabra..... Do. michauxii Do. 
lacinosa | Do. i Do. 
| Ne Do. platanoides....... Do. 
myristicaeformis Do. densiflora Do. 
eT rie Do. marilandica Do. 





Many TYLosEs. 


Castanea dentata .| Metatracheal. Fraxinus lanceolata Paratracheal. 
Celtis occidentalis os Paratracheal. profunda Do. 
) 


Eucalyptus globulus. : Do. | quadrangulata..........| Do. 
Fagus atropunicea . ; .| Metatracheal. || Sassafras sassafras................. | Do. 
Fraxinus americana... . ... Paratracheal. H 








Aesculus vetandra | Scanty  para- || Platanus occidentalis.............| Metatracheal. 
| tracheal. || Populus grandidentata Terminal, 
Liquidambar styraciflua. . . Metatracheal. | tremuloides.............. Do. 
Liriodendron tulipifera...........| Terminal. | ee ee Do. 
Magnolia acuminata....... as Do. || Ulmus alata Paratracheal. 
OS rare : Do. | DEIBEIOODS... «5s vic esecccs Do. 
glauca eames Do. | pubescens Do. 








1 Jeffrey, E.C. A Natural Classification of Woods. 

Holden, Ruth. Some features in the anatomy of the Sapindales. In Bot. Gaz., v. 53, mo. 1, p. 50-53, 

1. 2-3. 1912. 

2 The data here given concerning the distribution of parenchyma were obtained from: (1) Solereder, 
Tlans, op. cit.; (2) Jeffrey, E. C., op. cit.; and (3) from original observations made during the study. 

‘ By ‘‘abundant”’ is meant a very large number. ‘‘Many’”’ is used to signify a considerable number 
but less than ‘‘abundant. 
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These three types of arrangement and the degree of their development 
bear a definite relation to the development of tyloses, since they indicate 
whether the parenchyma cells are near enough to the vessel cavities to 
send their prolongations into them. In addition to the wood paren- 
chyma, the position and number of the medullary rays adjacent to the 
vessels must be taken into account. A grouping of the species of wood 
with the twofold object of indicating the distribution of tyloses and the 
arrangement of the wood parenchyma clearly brings out some of the 
reasons why tyloses are so much more abundant in certain woods than 
in others. Wherever the paratracheal or vasicentric type of parenchyma 
is well developed, the tendency for marked tylose formation, or else for 
gum production, is very noticeable. From Table I it is further evident 
that when tyloses are strongly developed either paratracheal or abundant 
metatracheal parenchyma is always found. 


SHAPE, THICKNESS OF WALL, AND CONTENTS OF TYLOSES 


The shape of the tylosal projections varies widely. They are some- 
times spherical, or again they appear as elongated vesicles. (Pl. LII, 
fig. 3; and Pl. LIII, figs. 1, 2, and 3.) Often when the walls are very 
thin they appear much collapsed and wrinkled as, for instance, in ash 
or the wound tyloses in cow oak. (PI. LIV, R1.) The extent to which 
the tylose wall increases in thickness varies also. ‘The wall may be an 
extremely thin delicate membrane as found in ash or osage orange (PI. 
LV, fig. 2) or it may be of medium thickness as in oak. (PI. LIII, figs. 
1 and 2.) 

The contents of the tyloses are in general the same as those of the paren- 
chyma cells producing them. Starch is common, and resin, calcium 
crystals, and gums have also been observed. 

When normal parenchyma cells do not give rise to tyloses, the so-called 
“‘gums” (Prael)' are often produced, as in mesquite, maple, or cherry. 
This gum usually collects in the vessels (Pl. LIII, fig. 4) and parenchyma 
cells. In the vessels it sometimes assumes the form of globules or drop- 
lets which may easily be mistaken for tyloses. In order to determine 
whether gum or tyloses are present, a section of the wood may be treated 
with some gum solvent, such as absolute alcohol or caustic soda. When 
the wood is dry, the gum droplets are often characteristically cracked 
and split. Their general appearance is illustrated in Plate LIII, figure 4. 


MATERIAL AND METHODS USED IN THE STUDY 


The material used for this study of tyloses was a collection of logs of 
commercial size from native-grown trees. As a basis for the study of 
tyloses this material was unique, since most of the work of other inves- 
tigators has been done not on wood from the bole of the tree, but on 





1 “Schutzgummi.” 
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branches, twigs, roots, leaves, vines, herbaceous plants like the squash, 
or on such of the lower forms as ferns,’ and did not cover to any extent 
the American species. 

The method of examining the wood was as follows: The ends of the 
logs which form the collection of commercial American woods (P1. LIX, 
fig. 1) of the Forest-Products Laboratory were examined with a hand 
lens. Blocks cut from these were also studied microscopically. Small 
strips extending from the bark through the trees to the pith, including 
the sapwood, the so-called transition region, and the heartwood,? were 
cut from the logs. Microtome sections about 1 inch by one-half inch 
in area and 5 to 20 micromillimeters in thickness were cut from the three 
planes, transverse, radial, and tangential, taken from each of these dif- 
ferent regions and were studied under the compound microscope. The 
observations for hardwoods are given in Table II. Stains were often 
employed to differentiate the tissues, and macerations were made with 
potassium hydroxide or chromic acid for special studies of the relations 
between the tylose and the parenchyma cell producing it. Fresh mate- 
rial from seedlings and branches was also examined, in order to deter- 
mine whether the sapwood tyloses were of normal or abnormal origin. 

The Forest-Products Laboratory collection of woods begun in 1910 is 
not yet complete, and in many cases only one log of a species was available 
for study. Nevertheless, the majority of the commercially important 
species are included in the laboratory collection, and in addition to the 
study of these it was possible to make further observations on authentic 
material of a number of other important species. Moreover, whenever 
two or more specimens of the same species were examined, results were 








1 This list of the plant genera where tyloses have been found in wood, roots, leaves, or other portions is 
given by Kiister. It includes Molisch’s observations on the Vienna wood collection and other material 
as well as those of other authors, whose namesare given in parentheses after the genera they investigated, 
Abies (Raatz). Coccoloba. Laurus. 
Achyranthes. Coleus. : Ligustrum. 
Aesculus (Maiile, Tison). Convolvulus (Dutailly). Loranthus. | Pterocarya. 
Alnus (Tison). Cornus (Maiile). Loxapteryguim, Quercus. 
Ampelopsis. Corypha. Machura. Rhus, 


Portulacca. 
Prunus (Wieler). 


Aralia. 
Aristolochia (Tison). 
Artocarpus. 
Arundo. 
Asarum, 
Banisteria. 
Begonia. 
Betula. 
Bigonia. 
Boehmeria. 
Broussonetia. 
Byronia. 
Canna. 
Carica. 
Carya. 
Cassis. 
Castanea. 
Catalpa. 
Celtis. 
Chiliantus. 
Cladrastis (‘Tison). 


Cucumis. 
Cucurbita. 
Cuspidaria. 
Dahlia. 
Diospyros. 
Elaeagnus. 
Euphorbia. 
Fagus. 
Ficus. 
Fraxinus. 
Gleditsia (Tison). 


Hammamelis (Tison). 


Hedera. 
Hedychuim. 
Heliconia. 
Humulus (Tubeuf). 
Inula. 

Jatropha. 

Juglans. 
Koelreuteria. 
Latania. 


Mansoa. 
Maranta. 
Micania. 
Morus. 

Musa. 
Ochroma. 
Olea. 

Ostrya. 
Passiflora. 
Paulownia. 
Perilla. 
Pharbitis. 
Philodendron. 
Phyllanthus. 
Picea (Raatz). 


Pinus (Raatz). 


Piratinera. 
Pistacia. 
Plantago. 
Platanus. 
Populus. 


Ricinus. 

Robinia. 

Rosa (Maiile). 
Rubia. 

Rumex (Dutailly), 
Salix. 

Sambucus 
Santalum. 
Schinus. 
Sideroxylum. 
Solanum. 
Sparmannia. 
Strelitzia. 
Styinatophyllum. 
‘Taraxacum. 
Thunbergia. 
Ulmus. 

Urtica. 

Vitis, 
Xanthoxylon (Tison). 


2 The cross section of a mature tree may be divided into at least two regions: The outer or last-formed 
rings, variable in number, which are termed the “sapwood”’ or “alburnum,” and the inner rings around 
the pith or center of the tree, which in dry material are sometimes indistinguishable in appearance from 
sapwood, but which are more often definitely marked by a difference in color and are then termed the 
“heartwood” or “‘duramen.”’ (Pl. LIX, fig. 1.) 
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found to check reasonably well, as shown in Table II. The greatest 
variation occurs in the species in which tyloses are very rare or else 
scatteringly developed and, therefore, where their practical importance 
is relatively slight. 


OCCURRENCE OF TYLOSES IN NATIVE HARDWOODS 


Table II gives the results of observations made on the distribution and 
region of first development of tyloses in 143 specimens of hardwoods 
grown in the United States. The very marked development of tyloses 
in certain species has been noted in Table I. 

Special attention was given to the early development of tyloses. The 
results show their presence in the sapwood of all the species in which 
they occur in the heartwood. The hickories, for instance, give some 
interesting data concerning the occurrence of tyloses in sapwood. It 
has been maintained that if tyloses ever occurred in sapwood they would 
be found only in very narrow sapwood—that is, where the transition from 
sap to heartwood begins at the end of the first or second year after the ring 
is formed, as, for instance, in some of the oaks. In the hickories, however, 
tyloses are always present in the sapwood, and are generally developed 
even in the outermost rings as abundantly as in the heartwood. Plate 
LIII, figure 3, shows a cross section of the sapwood of pignut hickory 
(Hicoria glabra), including the fourth to the seventh rings in from the bark. 
This particular tree had 31 rings of sap, or uncolored wood, and tyloses 
were well developed in the very outermost rings. (Pl. LIX, fig. 1.) 

Tyloses are normally lacking in the red-oak group, although there are 
many exceptions. An illustration of vessels not filled by tyloses is given 
by those in the middle of Plate LIV, R2, and by some of those in Plate 
LV, figure 1. In some cases tyloses occur in individual vessels in species 
ordinarily free from them, as Spanish oak. (Table II.) In severalinstances 
the few scattered tyloses present in both the sapwood and heartwood 
have a rather abnormal appearance and are associated with areas of 
fungous growth. (Table II, Scarlet oak.) In certain species of the red- 
oak group, however, as blackjack oak (Quercus marilandica), tyloses are 
very generally developed in both the sapwood and heartwood. 

In the white oaks, in contrast to the red-oak group, tyloses are generally 
very abundant, even in the outermost rings. Some of the white oaks 
where tyloses are slow in forming show striking examples of the growth 
and development of the tylose in its early stages. ‘This is illustrated in 
Plate LII, figure 3, which is a reproduction of a photomicrograph of a 
cross section of California white oak, or valley oak (Quercus lobata), show- 
ing a piece of the sapwood next to the bark. Fragments of the bark may 
be seen at the top of the illustration. The relatively small bladderlike 
cells here shown increase in size until they grow together and fill the 
vessels as shown at the bottom of this illustration and in Plates LIII, 
figures 1, 2, and 3, and LV, figure 2. 





Vol. I, No. 6 


= 
S 
NS 
=} 
Sy 
a 
) 
Re 
> 
S 
x 
3 
3 
= 
2 
= 
~ 
2) 
< 
~ 
S 
— 
8 
= 
- 
3 
S 
= 





“Pally A[[esouas sjassaa ‘Aur 
*poomdeus UL SB 3UIeG 


‘oa 
‘(juep 


-unqe ,,UIn3,,) poomdes ur se ouleg 


‘od 
od 
od 


*quosoid auoN 


‘od 
‘od 
“(punoy 

qussosId = 3UON 
‘od 
“(punoy 

yuassid 3UuON 


soulijamios § ,,uind,,) 


Apuanbasy ,, uin3,,) 


*yuasoid su0N 


od 
“(punoy 
qusssid = 3sUuON 


Apuanbaly = ,, umn3,,) 


*(Yyd Ivau YsOus) pataz}VIG 


*“Quepunqge 


od 


Afmenbely «=,,uIns,,)  yuassid suON 


, Un ,,) JUaseid sUON | 


MT 
oivi AloA 


quaseid aUON 


(‘spunom Jeau 


SUOI}dsox9 JIvYy) “wUaseid sUON 


[etsazeul ON 
quasaid au0 N 


“(2 “BY ‘TI’I ‘[d) pesazqwos ‘ares A324 


ypoaq anid 


Gost sat AA 
ypitg sadeg 


qorg JATY 
YP3s1q MOT] A 


TPsrq IMS 

Hees gona 
Jople pra 

UdAvay JO a1], 
“**-gAaONG MOTI A 
a[dem yori 

‘g[deur piey 10 Jeans 
a[deur JaApIs 

a[ deur 3jos Jo pay 
“== apla Xog 


adem 003310 


"Toss" “eEBIOTOIeS snurdie) 


Ysivyy eroryndod enjyg 
ysivyy eiapiAded enjoy 


‘J visa ened 
J XU, vay vpnze_ 


*J Cy ene 

“*** SIpay (’T) Sisapeues z Japurpury 
stresses" “QnA euOsaI0 snuTy 

jsaq esojnpurys sngqjyuery 

Yssey{ VIpuLzwo snjnossy 

‘Wug (} *XQoO_) UNI31a uM eyes Is9y 
Teeeeseescees es s* -USIBIY DINIEYIOVS JZV 
“J UMuULeQIOes IDV 

*J wnIqns Jay 

‘J Opungeu J20y 


ysing umpAqdoiem 1290y 





*pooajzieay ul sasopA y 


*19}DBIVYD Je19Uas) 


—sull 
ut jueurdo 
“PASP [INL 


—3uUll Ut 
iJvadde 4s11,] 








— leq w101; ur ZutUNo0D a a 





“poomdes ut sasojAy 





*setoads 








"SdOOM, SQOUOg aSAAdIGQ AH, 


spoompsvy ay fo sjassaa absvy ayy ur sasojdy fo aauassnn99— |] ATAV IL, 





6 
S 
S 
is) 
= 
= 
8 
&S 
~ 
~ 
<) 
= 
< 
g 
‘= 
6 
SS) 
a 
i) 
~ 
Sie 





*(qostOY_) Aprares siq} ut ZuryxIe] Ajjesauaz sasojA} ‘avaovsoy 31} JO 900 ¢ 


*QUIUS aI} JO WOTSTADI 





sien a Jaze] & Ut pue ‘g6gr ‘amnyNoUZy jo yuauTyIedag ‘A1}s910,7 jo uOTstAIq ‘Lt eran d Ur TWOMPNS “g “SD Aq udAt3 asoq} a1e pasn sauIeU LOMTUIOD pus Ue] 94} YI0g + 





| 


| 
‘od | [elJajeuI ON | 
-yuasaid auoN | baeeeeeunes ee yuasaid auon | ‘ seen Hsseee ees Doo msseg 


“uid Jvau s3u11 OM} UT d90xa aIes Ala A saps aint shee —) oes cee ga : : eS ae 
noqmnesn pela} 


“p29 BIS -}eos ‘sSurs Jono INO] ul snoJeuINN | "~~ aie = F zi “*MOTITA SOV 
P S| ! N | 


‘yuasaid aUON "i tithe saa sd ; avs ‘uoIpuapopoys 3vasIs) 


‘od eos oe sees “* nil aging AiJaq9 Pot PITAL 


‘od ° . eet ° . op 


*(aIn3 JuepUuNge) iuaseid sUON x jUaseid sUON | ihe rT Trees eseeses ss AXIS HOV | 


“MIT ses [etazemI ON 
*P249}}89IS “ere Ages “** * P9J932BIC | 
“SNOJIMING ‘pIsaz}LOG [®UazeU ON 
* pasa} BIG “(sun 493N0 OA} UT Auew) P2497} 89S 
‘(quid ivau Aueur) poomdes ut sv sures ** " P3alajzBIS 
“Auvyy : sisi *  snosauInN 
*peiazjeos ‘yuanbal,7 [elsozeEU ON 
“(quid iveu 
zdaoxa Zuryory Ajaitjua ysourye) ssey [°° a ‘aivi AIBA 
*pasa}zEIg | Pe * * pasazzBIS 


“(quid 1ev9u snoJsuInU) pasaz}e9S 


‘od See dauwnas i eee eee ; “+ TMS s97B AL 
‘od ; Es Sabmsicy ¥s5 5 eiiese senate SteS és sn 4520 a) Sa boar wn3 yrlq 


*yuasaid aUON |" **** "so" ** -4Qu9sesd suoN |” * ie pare 3343 [J2qsa4TIS 

‘od Pete on *** *D9l9az}Bs foley Re ne ee ee ee PILOUSETT JIMS 

‘od Posazjeos ‘ames ABA [le igs v]jesquin Jasesy 

*yuanbasy ‘pasa3z3eVI¢g “sees ss" “Quanbeasy SpaesazzwIg jC : err ’ "ses" * - 993 Jaquinonsg 


“p2tazBOs Maly 


‘od ovese . . > — Coe ecesccess ° pss ° ° ee a 


*ynoYysNo1Y} peia}}els A[[esauesy [elJozemI ON 
‘POOMUES UI SB sIIeS yHoYysNosY} poio}zeIs A[[esouasy 

‘sajdurexa 

“P2ls}}89G | pedopaAap-jjom May B ‘!palaz3zeIS | 





‘od ti. ree us KVS Swed <6 Meee w EL . [PsNe] UrezUNo_ 
’ Ajo uvowsury 


“yuasaid auoyn | i ! cece seelsceiecccee sess + appease ay 





*] BULSTIOMIV BTL 
nay Ye 
Yssejy VIZ XIPES 
“J WinulxeM Uuolpuspopoygy 
J 71 vorueay Asuuad snunig 


od 
“WA eunosss snunig 


** XYOSIJT Sapropnures3} snjndog 
/ xn Bye UsptIpuLvis snjndog 


* “7 sIfequapioo snuejzeg 
tmnsJoqie uNIpuapAxO 


“*T vornenbe essAN 
*“Ysieyy woreapAs BssAN 


- "312g (1) UINUTTOI¥v9 UOIpUsapoIgO;_y 


“*T vonels erouseyy 
“"*"Q]BAA Liasely Blouse yy 
“ "7 ByBUIOIoK vljoUusE yy 


‘od 
= enpdgnt a Se 


“J eyo je] erayesy 
wy woedo xayy 


ase 6.66) ae BULIUIZIIA Sljotremreyy 





Vol. I, No. 6 


4 
S 
y 
~) 
S 
a 
S 

RK 

3 
i 

= 

3 

8 
~~ 
Sd 

x 

— 
S 

3 
= 
y 
= 
° 

= 





*(puno}j A[juenba1y ums) yusseid auON 


‘oa 
‘poomdes Ut sv ames 


*[eLIayeU ON 
*padojaAap Aji00d ‘ur Say Alaa 
*(queseld ,,uIn3,, amos) yMaseId sUON 
*poomdes UI sv auleg 

‘od 
‘(Pally Aljesiaues sjassaa) snosaminN 
*poomdes UI SB sures ‘snolsuINN 
*palaz}BS 
*}Uaseid au0 NT 
*jnoysno1q3 Juepungy 


‘od 
*(min3 JuepuNnqe) IWeaseid auON 


“snoiomom NY 
*poom 
-des Ul wey} aiomr Ap q3ys ‘snolsmnN 
*jnoysno1q}3 juepungy 
*yuepungy 


*(PpaT]eA UIT} Jaye) NoYysno1Y} yWassIg 





}uasaid SON 


Pal[ei-uIq} AA ‘Juepungy 
*paj[e4-n1q3 3nq pedo 

-PAap [fem Aueur ‘3ZuTyoeT des JajnO 
“BUII JSOULIJ9}NO UI ZuIpunos 03 

anp sasvd :A[jeuorndeoxe ‘may Alaa 
‘(deur 

-ads UI sn3uny qonut) yuesaid sUON 

Ppal[@4-u1g3 AJaA SJuBepungy 

Tetiejem ON 

PeTe4-0Igq3 AsA ‘snoJomInN 
“pores 

-uIq}? AJA ‘snossmINa ‘peseaz3BIS 

AAI] /PIII}BOS 


}Wesaid suON 


poyles Urq} ‘3uepunqy 


[elJajeUI ON 
‘juep 
‘SNOIIMINN 








ys ont 
yse urqduing 


*T soy;meseL3 BIS}IPOTD 


* “XI eyeNsaeipenb snurxes,y 
““ ysng epunjosd snutxos7 


*] BUBOLOMIe SnurxEl,y 
qe’T sninqo3 snydAjeongZ 
*] SULIUIZITA SOIAdSOIq: 


JIMS (ALD) SlIvauT stsdoprq] 


"*"* "Sieg (‘s]e@A\) UNuvAI1103 uMIppRD 


‘T SHTB}WEPHoo sHpPD 
Japie A, esomeds edjezea 


“*** MIO (“YSIe]Y) BIeJUap vaurysED 





*poomzivay at sasopA y, 


*JaWBIVID [BIITAD 


Ur juemdo 
“PAP TMA 





ivadde jsnyy | 








‘oureu UOUTUIO; 


— leq wos ut Zununo; 





*poomdes ul sasojA ] 


*‘sapeds 





"sdqOOA\ SQOUOg ONY AHL 


*panunuoj—spoompany ayz fo sjassaa absvy ayy ur sasojdy fo aauassnrIQ— TJ AAV, 





*s[as 
‘od SaA a3re] ‘[[Ny ‘pedojaasp A[Zu013¢9 | | ype! soe qyowenyy BoIpuEpwem snsianF 
‘od P2t933895 "= aa “yvo asurys “**" XU, VUIBOUQGUIT snoionO 
“‘poomades UI SB aUIeS | * QOUr 9} 03 Bus Jad amo ‘arel Ala, | |"**" "Bo qerusdg (peelaatH) “MPNS (° ysieX) Bye ZIp = 
*juasoid au0 N yuaseid sto Ny : 
‘aouelead t 
-de jemouqe asAey sasojA} ‘ju 4aqyno < ut 
| Seid sn3uny ‘“juasqe Al[eious3 snoleumu 
‘od } ‘s8uLt YUNO} pue pig) ut pes9189S Ayjeuuouqy |'******* Yeo AyIVIS 
‘od ¥ | “**"*COSTM) Avo pay 
| *suondas 
“poomdes Ul s¥ auleSG | -K9 ail S@ 4dIoxX9 JUasaId 3sUON haat ‘I Biqni snoianG 
isyeo 
WRG 10 syVO pai oy} ‘snuvpeqoiqAIy 





‘(,, Uns ,,, JUepuNnqs) Juassid suON yUasaId su0 N atnbsajy | “*S ep (zZueMS) e1opNfl stdosorg 
*poomdes Ul sv ames jyuepunge AlzA Auleqmnul pay 


‘juepunqy [eroyeur ON 
*pooa 
-des ur uvyzy pedojaAap A[su0s}s ssa’] qnoysno1g3 Juepunqy 


‘od : 

“suit Joyno 4 ut 
‘od ysour ‘Auvur ‘padojaAep Ajjesaues) 
“S311 JoyNo & ut 
*‘yuaudojaaap [[ny ‘Aueyy | Jsour ‘Auer ‘padojaaap Ayjeiauey 


*poysiu 
20m poomdes i 


*(Asoyo1Y) qseqeus Wu (MMA) BAO vi0oTR 

( ($30991%) ynusid jjeusg j-**** "318S (“YSIBX) BJVIOPO BLIOOT 

: ‘| A104) Zaurnny yu ¢ I “ApH STULIOJSBOTISLIAUI VLIOOI ET 
eaggeets “WU (‘Yssep_) eusrurm vrzosr Ey 


a 
Ss 
S 
Ss 
= 
= 
8 
2 
= 
~ 
-) 
= 
< 
a 
2 
oa 
S 
a 
S 
= 
a 


ynoyqsno1q} Juepunqgy * Jsvay ¢ OVI 

*(poomdes apr Ale 

-tor}da9x9) ynoysno14q} ore nied |" 4svayvoqzr | 
**4svay £03.14 


*poomdes ut se ames ynNoYqsno1g3 Juepungy “e Aso¥o1q) yaya yu (TMN) b1qeyzs ero0sTe 
od nr ****padoyasap [aaa ulewes ont 5% ‘ *ALOAI bed) Z “yu (j Xo) vonenbe eos 
*jnoysnoigy : sha 
‘od eee “++ Maye OqT 
‘od cove Pore ae eee “May? 03x 
oad , 
*‘poomdes ul sv jnoysnoigy 























*qUaseid SUONT Juaseid su0ON 
*yUaseiId suoIzds2x SUOI{da0X9 21BY . *J snutid snosanZ 


Vol. I, No. 6 


“asealo 
‘od -UI [enpels pue suo; ZuNOA MOS “*MpPNG (‘UrTe’]) Seprourjzeld snosen} 
‘od | yusuIdOeAap [eiaues JUepuNnqy | °°” Bie (“Ysie,_) JOULE snoJaNnH 


‘od : WRN Wxneygorm snoanH 


‘od -II JeyMoamIos ‘AUBOI 03 snoJauINNy Bar oan ae XP, Sdsesos.eUI sndJaNF 
“SasojA3 Zuno0A 
“yuepungy |iuepunqe  ‘Surmioj-mojs ‘Aue yeo AayyeA FN BISA] snosaNGH 
‘od “""**"*"p3dojaaap Aljesoues ‘Aue yeo dndJaAG | - YEM VSIA] sNdIINH 

‘od [eua}eUl ON | 
*poomdes Ul se ameG |” yuepunge AloA 


op 
*s3u1s Jajyno 
*ynoy3snoiy4} pedoyaaap [J2M | UI suo} ZuNOA ‘snosamMU AlaA A yeo avg MM *T eqs snoisanG 
‘SYVO 971Y 4 3y} ‘snueleqopida’y 
* pala} qunoj Jay | yeVo MOTAA JO YORI mle’y BUIINIaA snsJang) 
‘aes Alaa. "aged AIZA |" tres eeeeeeeeeeteseceec essere += "978 MOTITAR “+ -+s+"59 "97 sorfaqd snozand 
*yUasaid sUONT yWaseid DON | 
*‘poomdes sv ouleg aiel Afautes3 xq | td | qyoueny suysnyjed snosanG 
| *penunuoj—syzeo 
APejq JO sAvO pol 94} snuvjeqosyzAIH 





—3u1 
UI JuemIdO 
“P4ep [RT 





= 
S 
y 
8 
SS) 
a 
S 
Re 
3 
y 
= 
FE 
‘: 
> 
x 
— | 
—) 
Ss 
8 
= 
x 
3 
S 
—, 


—3u1s UT 
Jeadde 4SI1,J 





*JapVIEYD [elanas 





*poomjzivey UI SasojA y | ‘atmeu DOmmIOD 
— seq mi01j ut ZunUNn0D 
} 











*poomdes ut sasojA y, 








‘panuiju0j—saoomM SAouod ONY AHL 





*‘ponunjuoj—spoompzny ay} fo sjassaa absny ayy ur sasojhy fo asuassnz9Q—' |] AIaV], 





eo 
3S 
Ss 
=) 
nm 
= 
= 
8 
Q 
‘= 
~ 
© 
= 
< 
= 
2 
eo 
SS) 
So 
~~ 
Sn 








od 
od 
‘od 
‘od 
‘od 
‘od 


‘od 

‘od 

-od 

‘oa 

‘oa 
*poomdes Ul sv aureg 


“quepunqy 
*poomMades UI SB aUIBS 





*“PastazyBIs {MIT 
vere OaepT 

Maj [aley 
P2193380s A[[eJouas) 


“SaSO[A} poTTeM-urITy? 
qwM pepMOlD sjessaa ‘juBepunqy 


yUanbaly ‘paia}zjVIS 
juepundy 
“S9SO[A} pal[em-n1y} 
YiIM PIPMOID sjassaa [[e ‘juepunqy 
yuepunqy 
BuryqoRy] A[jeiauas) 


P2133389S 
PayTes AI} ‘pasa73BS 











op 
ua Araddys 
tee tgperee 


“ty? 93M 


*** "930810 3ZesSO 


|. 
| 





sey umusayurod nojAxoy, 


“Teese * = “4sre yf (’]) Seayesses seiyesseS 


** ULy pue “yooH viopisuap snoianG 


:SYvO VAT] oY} ‘shuvpeqozorg 





458 Journal of Agricultural Research 





TYLOSES IN SOFTWOODS 


Coniferous or softwoods lack the large open pores or vessels which 
characterize the hardwoods. They also either lack or show a scanty 
development of wood parenchyma, the chief source of tylose formation 
in the hardwoods. Since it is in relation to the closing of the vessels that 
tyloses are of practical significance, the study of tylose distribution in 
the conifers is of relatively small importance. However, since tyloses 
or tyloselike cells are often present in the tracheids or in the resin canals 
of certain normal coniferous woods, and since they have been found to 
play some part in penetration of wood preservatives and in resin flow, 
their occurrence in the softwoods was studied. 

The occurrence of tyloses in coniferous woods has not received the 
attention given to their occurrence in hardwoods. Often their presence 
has been ignored, or they have been reported as entirely lacking. When 
studied, moreover, investigations were usually confined to parts of the 
plant other than the wood,? though there are a few notable observations 
on their occurrence in the wood itself (Boehm; Chrysler; Conwentz; 
Kiister; Mayr; Penhallow; Raatz). 


TRUE TYLOSES IN CONIFERS 


Tyloses in normal coniferous wood arise chiefly from the parenchyma- 
tous cells of the medullary rays. (Pl. LVI, figs. 1 and 2.) As in the 
hardwoods, it is by the growth of the membranes of the one-sided bor- 
dered pits that tyloses are formed, especially where the pits are of large 
size, as in the white pines. In this case tyloses grow into the lumen of 
the tracheid, just as in hardwoods they grow into the vessels or pores. 
Tracheids, like vessels, function as sap conductors, but instead of having 
in their end walls actual openings of considerable size they have only rela- 
tively thin regions or pits. These are more or less completely closed by 
an irregularly thickened membrane, portions of which sometimes contain 
very minute perforations (Bailey). Thus in these elements already 
closed or nearly closed, tyloses have not the effect that they have in the 
open vessels of the hardwoods. Moreover, tylose formation of this type 
in conifers can only take place in a comparatively small percentage of the 
tracheids—that is, in those adjacent to the medullary-ray parenchyma 
cells produced as a result of wounds (Boehm; Raatz).® 


TYLOSELIKE CELLS IN THE RESIN CANALS 


Aside from true tyloses, there is often observed in certain species of 
conifers a partial or complete closing of the resin canals, produced by 
parenchyma cells, but not by growth of the membrane of the one-sided 





1 Reported by Molisch after examining 700 species of plants of all sorts. 

2 They are said to be more abundant in the root than in the stem (Raatz). They also have been studied 
in the leaf and in the cone axis. 

3 Boehm and Raatz observed tyloses as a result of wounding in Abies pectinata, Pinus sylvestris, Pinus 
strobus, Pinus excelsa, Larix europea, and Thuja occidentalis. 
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bordered pit. Such growths are termed “‘tyloselike,” since they produce 
an effect very similar to that produced by the true tyloses of the hard- 
woods. 

Resin canals or ducts are normally present in the following coniferous 
genera: Larch, or tamarack (Larix), spruce (Picea), Douglas fir (Pseu- 
dotsuga), and pine (Pinus). These canals when seen in cross section 
often bear a superficial resemblance to the vessels or pores of the hard- 
woods. (PI. LVII, fig. 1.) They are, however, different in both their 
origin and function. Resin ducts are not cellular elements, but simply 
intercellular spaces which result from the splitting apart of the common 
walls of a group of parenchyma cells. A very early stage of this splitting 
is shown in Plate LVI, figure 1. These parenchyma cells which surround 
the canal opening are called “epithelial cells.” They are the seat of 
resin formation, and they cause the tyloselike closing of the resin canal. 
Certain of them often remain thin walled and contain plasma. (PI. LVIII, 
figs.2and5.) After they split apart to form the canal, when they change 
in shape and size, a further swelling and growth may take place which 
closes the canal entirely or in part. (Pls. LVII, figs. 1 and 2, and LVIII, 
figs. 2, 5, and 6.) The fact that it is the growth or expansion of the 
whole cell, and not a portion of the wall of that cell, together with a 
portion of the wall of the neighboring cell, as in the tylose-forming 
membrane of the one-sided bordered pits of the hardwoods, clearly 
indicates the difference between the true tyloses of the hardwoods and 
the tyloselike cells in the resin canals of the conifers. 


OCCURRENCE OF TYLOSES AND TYLOSELIKE CELLS IN NATIVE 
CONIFERS 


Over 600 permanently mounted sections from coniferous woods in 
the collection of the Forest-Products Laboratory were specially studied, 
while more than three times this number were examined unmounted. 


TRUE TYLOSES 


Ray or true tyloses were found in the normal wood of the conifers, 
but were not abundant. Their shape and general appearance are well 
illustrated in Plate LVI, figures 1 and 2. None of the long, saclike 
vesicles which sometimes fill the whole tracheid lumen in the roots of 
conifers were found. The greatest development of true tyloses was 
found in the soft pines. In this group they were better developed in 
spring wood than in summer wood and were more numerous in the sap- 
wood than in the heartwood. Indeed, some of the pit membranes in the 
heartwood were concave in shape, appearing to have collapsed inward 
instead of protruding into the tracheid. 

The size of the pits between the medullary ray cells and the tracheids 
in conifers bears a definite relation to the formation of tyloses. As a 
rule, the ray pits in the hard pines are small and tyloses are lacking, 
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Norway pine (Pinus resinosa), which is regarded as a hard or pitch pine, 
offers an exception to this. Here we find numerous tyloses, but here 
also we have large ray pits. The only soft pine examined which did not 
contain tyloses was pifion pine (Pinus edulis). This species is character- 
ized by small ray pits instead of the large ones common to this group. 

Of the other conifers all of the species listed below have small ray pits. 
No true tyloses were found in these species. (See Table III.) 


TABLE III.—Occurrence of true tyloses in native conifers. 


Sort PINgs. 





: Number 
Species. of speci- Sapw \ Heartwood. 
mens. 








Limber pine (Pinus flexilis) ‘ Abundant. . 
Sugar pine (Pinus lambertiana). ... en Numerous, 
Western white pine (Pinus monticola) , : 
White pine (Pinus strobus) Numerous. . Do. 
Pifion pine (Pinus edulis) None. . .| None. 











Numerous. . | Numerous. 


Norway pine (Pinus resinosa) | 
..| None. 


FOCK DING (PIRNS GEVGIICATA) 00.666 o sos sess nc sees 
Shortleaf pine (Pinus echinata) 

Spruce pine (Pinus glabra) 

Lodgepole pine (Pinus murrayana) 

Longleaf pine (Pinus palustris).. : 

Western yellow pine (Pinus ponde rosa). 

Pitch pine (Pinus rigida) 

Loblolly pine (Pinus taeda) 

Scrub pine (Pinus virginiana) 

Table-mountain pine (Pinus pungens)............ 


2 
I 
3 
I 
I 
I 
2 
I 
I 
I 
I 


SISISHSSS 














OTHER CONIFERS. 


Tamarack (Larix laricina) 
Western larch (Larix occidentalis).............. 
European larch (Larix larix) 


White spruce (Picea canadensis). . 
Engelmann spruce (Picea engelman ni). 
Black spruce (Picea mariana) 

Red spruce (Picea rubens) 

Sitka spruce (Picea sitchensis) 


Douglas fir (Pseudotsuga taxifolia)............... | 


Balsam fir (A bies balsamea) 

White fir (Abies concolor) 

Lowland fir (Abies grandis). .............. 
Alpine fir (Abtes lastocarpa)............. 6... c eee 
Red Tit (A bres MAgns fica)... cece cs cece cess ees 
Noble fir (A bies nobilis) 


Port Orford cedar (Chamaecyparis lawsonia) 
Yellow cedar (Chamaecyparis nootkatensis)........ 
California juniper (Juniperus californica) 








SPS SPPESs ¥ reese Se 
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TaBL_e III.—Occurrence of true tyloses in native conifers—Continued. 


OTHER ConiFERS—Continued. 





oe Number 
Species. of speci- Heartwood. 
mens. 








Western juniper (Juniperus occidentalis) | 
Red cedar (Juniperus virginiana) | 


| 
| 


Incense cedar (Libocedrus decurrens)............. 


Redwood (Sequoia sempervirens) 
Bigtree (Sequoia washingtoniana) 


Bald cypress (Taxodium distichum) 


MEW CEUPMS ONOTONOY 65 6a iidcc tcc ccncectsuseees 


Arborvitee (Thuja occidentalis). ..............005. 
Western red cedar (Thuja plicata) 


Eastern hemlock (Tsuga canadensis) 
Western hemlock (Tsuga heterphylia) 
Black hemlock (Tsuga mertensiana) 











TYLOSELIKE CELLS 


The tyloselike epithelial cells which surround the resin canals were 
also carefully studied in Pinus, Larix, Picea, and Pseudotsuga. In these 
woods both the horizontal and vertical resin canals often contained dis- 
tended cells which partly or sometimes completely filled the canal 
openings. (Pl. LVII, fig. 2; and Pl. LVIII, figs. 2, 5, and 6.) This 
closed condition of the vertical canals is particularly noticeable near the 
medullary rays. (Pl. LVI, fig. 1; and Pl. LVII, fig. 2.) The distended 
closing cells correspond to the plasma-containing cells described on page 
446. (Pl. LVIII, figs. 2 and 5.) A large number of the canals were, 
however, entirely open. 

In pines where many of the epithelial cells remain capable of growth, 
three types of conditions may be found in the canals. 

(1) The canals of the sapwood, especially of the outermost ring, may 
not have yet opened—that is, the space which the canal will occupy may 
still be filled by the parenchyma cells which later form the epithelium. 
(Pl. LVI, fig. 1.) 

(2) Many canals may be partly open. (PI. LVII, fig. 1.) Frequently 
the cells surrounding the opening are somewhat contracted and col- 
lapsed; or, again, individual cells containing plasma may become dis- 
tended, bow out into the open lumen of the canal, and thus assist in 
partially closing it. 

(3) Canals in the heartwood as well as in the outer rings of the sap- 
wood may be completely closed.! This may come about in two ways: 
First, the groups of parenchyma cells observed in the sapwood may 





1 Compare Thomson, R. B. 


28736°—14——2 
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never have split apart to form a canal opening. This was demonstrated 
by the writer by means of serial sections following the course of a num- 
ber of horizontal resin canals from the bark into the heartwood. Second, 
the canals once open may be closed completely by the growth of certain 
of the epithelial cells, as before explained. This closing is not produced 
by the equal action of all the cells which first split apart to form the 
canal, but only by the later growth of certain of these which possessed 
plasma and the growth potential for a longer period than their neighbors. 
(Pl. LVIII, fig. 5.) ! 


PRACTICAL SIGNIFICANCE OF TYLOSES 
TYLOSES AS A NATURAL, “FILLER” 


A good instance of the part played by tyloses in the structure of wood 
is in the case of red oak and white oak. These two species have prac- 
tically the same structure, yet the red oak can not be used for tight 
cooperage stock because the vessels are open tubes through which air or 
liquid can escape. (PI. LIV, middle.) In white oak the vessels are 
completely closed by tyloses, as shown in Plate LIII, figures 1 and 2, 
or Plate LIV, R3. 

In cabinetmaker’s parlance, tyloses behave to some extent like a 
natural ‘‘filler.”” On a radial-cut surface the large vessels in the spring 
wood of a red oak appear like hollow grooves, while those in the white 
oaks are partly filled by the network of the tylosal cells which catch and 
hold paint, for example. (Pl. LI, fig. 1; and Pl. LIII, fig. 2.) 


TYLOSES A FACTOR IN DURABILITY 


It is of interest to note the presence of tyloses (or sometimes of gums) 
in the large vessels of those hardwoods which are particularly valued for 
their durability. Many factors, such as the chemical composition of 
the wood, its rate of growth, and hardness, are, of course, important in 
determining durability, but the effect of tyloses should not be disregarded. 
Moreover the vigorous growth of parenchyma, which in some cases 
manifests itself by causing tylose formation and in others by producing 
tannins, essential oils, etc., appears to be a fundamental characteristic 
of naturally durable woods. White oak, in which tyloses are abundant, 
is, for example, more durable than red oak, in which they are almost 
wholly absent. The tylose walls present an added obstruction to the 
advance of fungous hyphe and tend to make the vessels impenetrable 
to air and water. They are especially effective in woods that have been 
dried. 

Although sapwood contains tyloses, it is usually less durable than 
heartwood. The latter fact, however, holds true also for woods without 
tyloses and can probably be explained by the condition of such materials 





1 The illustrations reproduced in Pl. L.VIII of all conditions of open and closed horizontal resin canals 
were taken from sapwood material. 
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in the sapwood as starches, which undergo a transformation when the 
heartwood is formed. 

The following tabulation of the ‘‘ Relative durability of hardwoods,” 
compiled from the results of experiments, indicate that tyloses are a 
factor in durability. The more durable species will be found, with a 
few exceptions, to contain many or very abundantly developed tyloses. 
(See Tables I and II.) 


RELATIVE DURABILITY OF HARDWOODS ! 
Durable. 


Black locust. Chestnut. White oak. Cherry. 
Catalpa. Black walnut. Post oak. Persimmon. 
Osage orange. Live oak. Black ash. Slippery elm. 
Mulberry. Sassafras. Honey locust. Bur oak. 

Fairly durable. 
Yellow poplar. Red oak. Scarlet oak. Butternut. 
Red ash. 

Not durable. 

Cottonwood. Black oak. | Black gum. Gray birch, 
White elm. Red birch. | Watergum. Paper birch. 
Red gum. Beech. Basswood. Aspen. 
Hard maple. Hickory. Buckeye. Willow. 
White ash. | Cucumber. Sycamore. 


The results of tests on 30,160 fence posts? indicated the following 
untreated hardwoods, in order of their durability, as the most suitable: 
Osage orange, locust, mulberry, catalpa, certain oak (species not given), 
and black walnut. The length of life in service varied from 10 to 50 
years. 

Some observations * on the life of untreated hardwood railroad ties 
further confirm the relation between tyloses and durability. It must 
be borne in mind, however, that for this type of service hardness has 
been considered in judging durability. The list of woods, together 
with their life in years under traffic, is as follows: 

Species. Years of service. Species. Years of service. 
Black walnut......... 
RNR asc eo nckncanceer mar dnaeis . | Chestnut 
Black, red, or yellow oak 
Post oak 1 cr 


IIR ee roa. ce eclaene VO See eee Oe, 
Chestnut oak 


Bur oak Catalpa 








1 This list is offered to show the comparative durability of some American timbers. It is not presumed 
to obtain for all conditions. 

2Crumley, J. J. The relative durability of post timbers. Ohio Agr. Expt. Sta. Bul. 219, p. 605-640, 
ropl. oro. 

8 Tratman, E. E. R. Report on the use of metal railroad ties and on preservative processes and metal 
tie-plates for wooden ties. U.S. Dept. Agr., Div. For. Bul. 9, p. 216. 1894. 

4 Life not given. 

6 Little used. 
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A few exceptions are noticeable. Chestnut oak, for example, has 
very few tyloses, but is hard and strong. Butternut has many tyloses, 
but it is also much softer than the oaks. Hickory has many tyloses and 
is here considered as durable a wood as black walnut. This is contrary 
to observations of its durability by other investigators. The kind of 
beech used is not specified, but if it was ‘‘white-heart”’ beech tyloses 
were not present. The “‘red-heart’’ beech, which contains tyloses, is 
often reported as a very durable wood. 

The following recent estimates are based on experience and actual 
inspection by the Forest-Products Laboratory of woods in service (Table 
tei TABLE IV.—Life of untreated wood placed subject to decay. 


ar % | 








Untreated material. Years. - Untreated material. 








Tyloses abundant or many; well Tyloses lacking or scattered; few 
developed. or weakly developed—Contd. 


Lumber: Lumber—Continued. 
RMON cs pacrucnranosinenan | 
PMU ION iss. 5.6 555 + cin.sis wieavere Lo ESOC eee 2 

Posts: 

COttON WOOK. 2.006 e ee ces 

I iis as ce civics inte, coke 
Mulberry Basswood 
Catalpa White-heart beech 
RNIN o's oo Sac sh ss Ks POU 650 bias sienesese ox 
ij rrr Sycamore 

Ties: Posts: 

PBC BOCUBE. 2 552.0202 sccees-5] PO OW oo ccivieniay teneeeees sc) 
WAS OBIE 55.5655 08508004500 ee ee ee 
RM res tecretnaroie MR soo koee as lass ensisteen etek 

RMR fsa kind eaibrisrrnact viewers 

Tyloses lacking or scattered; few Ties: 

or weakly developed. 
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TYLOSES A FACTOR IN CREOSOTE PENETRATION 
EXPERIMENTS WITH HARDWOODS 


The study of the effect of structure on the penetration of artificial 
preservatives, such as creosote, is a separate problem. Preliminary work 
has shown some interesting results concerning the treatment of certain 
tylose-filled hardwoods. A piece of air-dry black locust (Robinia pseuda- 
cacia), 9 by 1% by 1 inch, was subjected to a thorough treatment with 
creosote in a treating cylinder. The piece contained sapwood and heart- 
wood, the vessels of both of which were filled with tyloses. The stick 
when split open after treatment showed no penetration except a faint 
discoloration in the outer one-fourth inch of sap, which apparently did not 
extend to the tyloses filling the vessels, but was located only in a few 
scattered groups of fibers. The failure of the wood to absorb creosote 
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was not entirely due to the presence of tyloses, but the fact that the 
creosote did not penetrate the tylose-filled vessels is significant. 

In a piece of desert willow (Chilopsis linearis), 4 by 1% by 2 inches, 
treated with carbolineum, no penetration was visible in the heartwood 
except about one thirty-second of an inch near the surface. In the 
sapwood, however, where, as shown in Table I, the large vessels of the 
two outer growth rings are without tyloses, the dark discoloration of the 
preservative was clearly visible following the lines of these open vessels, 

Sapwood in general absorbs creosote much more easily than heartwood. 
The supposed absence of tyloses in this region of the tree has previously 
been regarded as one reason for this fact. As soon, therefore, as it was 
satisfactorily determined that tyloses were unmistakably present in the 
sapwood, special experiments were undertaken to discover what effect 
they had on the absorption of the creosote. A piece of white oak was 
given a commercial treatment at the same time and under the same con- 
ditions as the black locust. The sapwood absorbed the oil fully, but the 
penetration stopped abruptly at the line of color demarkation between 
the sapwood and heartwood. (PI. LIX, fig.2,B.) To the eye the heart- 
wood, except for a surface coating, was absolutely untreated. The ves- 
sels in both the sapwood and heartwood of this piece were filled with 
strongly developed tyloses. Microscopic examination showed that the 
tyloses in the vessels of the treated sapwood were entirely uncolored and 
exactly like those in the vessels of the heart which was untreated through- 
out. The tyloses had then effectually kept the creosote out of the ves- 
sels, although there had been a full treatment of the wood fibers of the 
sapwood. This shows that a considerable quantity of the preservative 
was absorbed in spite of the fact that the presence of tyloses kept the 
creosote out of the vessels. Hence, tyloses of themselves need not be 
regarded as preventing the possibility of treating this species, at least in 
the sapwood. 

A piece of oven-dried hickory, 214 by 24% by 14 inches, made up of both 
heartwood and sapwood, was treated at the same time and under the 
same conditions as the oak and locust, and showed a thoroughly good 
penetration throughout. (Pl. LIX, fig. 2,C.) Nevertheless, when the 
wood was split, the tyloses, which were abundantly developed in the 
vessels of both the sapwood and heartwood, were white and unstained by 
the creosote, showing a marked contrast to the dark-brown fibers of the 
surrounding treated wood. (PI. LII, fig. 1.) 

The preliminary observations just described concerning the penetra- 
tion of creosote were based on results of treatments made on single speci- 
mens of the species studied and were regarded rather as valuable indica- 
tions than as conclusive evidence. To check them with other results, 
the treatments with creosote were repeated on other specimens of the 
woods previously used and more specimens of another species con- 
taining many tyloses. First, a piece of hickory taken from miscella- 
neous material was given a high-pressure treatment with creosote. 
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A good absorption was obtained in both the sapwood and heartwood. 
Nevertheless, the tyloses, which were everywhere well developed and un- 
damaged in the large vessels of both regions, remained colorless and 
untreated. In addition, two other blocks of hickory from material col- 
lected with special care were also given pressure treatments in the cylin- 
der. These specimens were from pignut hickory, Hicoria glabra, and 
mockernut hickory, Hicoria alba. Both specimens contained sapwood 
and heartwood, with tyloses strongly developed in the large vessels. 
Again, the wood was thoroughly treated with creosote in both the sap- 
wood and the heartwood, and once more the tyloses could be observed 
on a split surface to be quite uncolored and visible even to the naked 
eye through their marked contrast with the blackish brown of the treated 
wood. (Pl. LII, fig. 1.) 

Thus, results from four specimens of hickory from different sources 
clearly showed that in spite of the presence of tyloses a high absorption 
of creosote may be obtained in the wood substance outside of the vessels 
and the tyloses filling them. 

The other species used in these experiments was the so-called red-heart 
beech, a form of Fagus atropunicea. ‘This had white tylose-free sapwood, 
but a reddish heartwood with many tyloses. It was treated in the cylin- 
der at the same time as some of the hickories. The sapwood was thor- 
oughly penetrated, but the heartwood remained untreated except for a 
surface coating and a very slight infiltration near the ends. 

Lastly, a second piece of white oak was treated, as a check on the 
piece treated previously. After the creosote treatment, which was 
given at the same time as that of the hickories and beech, the sapwood 
was found to be penetrated, and, as before, the heartwood was unpene- 
trated. Careful examination showed, however, that the discoloration 
of the creosote extended down the large vessels of the sapwood and into 
the tyloses which they contained. This apparent contradiction of 
previous observations was explained when the material was examined 
under the microscope. The tyloses were found to be full of fungous 
mycelium and riddled with holes produced by the hyphe in passing 
through the tylose walls. Under these circumstances, even when abun- 
dant tyloses are present, it is clear that some penetration may be secured 
in the vessels. 

The marked difference to be observed in the penetrance of creosote in 
treatments of red oak and white oak is, however, chiefly the result of the 
presence or absence of tyloses. The unobstructed vessels of red oak 
give such open channels and offer so much additional surface for absorp- 
tion through their walls that the penetrability of the other elements 
lying between the vessels is of relatively little importance. In white 
oak, on the other hand, it is only the elements of structure other than 
the large vessels that are available for penetration. The type of pene- 
trance obtained in red oak is shown in Plate LIX, figure 2, A. The dark 
streaks mark the course of the creosote, which passed almost entirely 
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through the open vessels. The practical effect of this is evident in the 
results obtained in penetrance treatments. It is possible to force creo- 
sote for long distances through red oak just as it would be possible to 
force it through similar distances in small open pipe lines. In com- 
parison with this, the distance the oil will pass through white oak is very 
short, since it has to penetrate through many cell walls, and the resistance 
of the material must be overcome by high pressures. 

Thus, although tyloses have a distinct effect, they are not the only 
factor in the penetrance of wood. The characteristics of the other 
elements in the annual ring must be considered. However, in the cases 
examined, wherever the large vessels contained abundantly developed 
tyloses or filling cells, the vessels and the tyloses, but not necessarily 
the rest of the woody tissues, were impenetrable to creosote. 


OBSERVATIONS ON CONIFERS 


The presence of resin canals and their condition—that is, whether they 
are open or partly or entirely closed by cells—considered in conjunction 
with the general permeability of the tracheids, is a factor of practical 
significance in the selection of wood for creosoting. (Pls. LVI and LVII.) 
The number of the resin canals is very small in comparison with the 
number of tracheids. However, if the canals are unobstructed, pene- 
trance is easily obtained for considerable distances through their cavities. 
In a wood whose tracheids are penetrated with difficulty, the creosote 
does not spread to any great extent from the canals into the tracheids, 
even when the former are full. Nevertheless, the presence of creosote 
or other toxic liquid in the resin-canal regions, which are among the first 
affected by fungous infection, is of considerable assistance in prolonging 
the life of the wood. Many of the resin canals, especially the vertical 
canals in both the sapwood and the heartwood of the pines, are not com- 
pletely closed (Pl. LVII, fig. 1, and Pl. LVIII, figs. 1 and 4) and can 
for this reason be penetrated. ‘The effect of the presence or absence 
of tylose-like cells in the resin canals, while a minor factor, is significant 
in connection with the treatment of poles, ties, and paving blocks. 


EFFECT OF TYLOSES ON THE WATER-LOGGING OF WOOD 


In order to test the effect of tyloses on the water-logging of wood, some 
roughly comparable air-dry blocks of several species were placed in a tank 
of water and the length of time required to water-log each block suffi- 
ciently to sink it was noted. The blocks were grouped with reference to 
their specific gravity (dry)! and their actual weight. The woods in which 
tyloses were few or wholly lacking invariably sank before those contain- 
ing abundant tyloses. Chestnut oak sank before white oak and bur oak, 
persimmon before osage orange, flowering dogwood before hickory, yel- 
low poplar and aspen before catalpa, and blue beech and honey locust 





'Sargent,C.S. Report on the Forests of North America... 612 p., maps. Washington, 13884. 
(U.S. [roth Census Reports, v. 9].) 
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before black locust. The dogwood and persimmon sank in about 18 
hours, while the catalpa floated for 20 days, and one piece of black locust 
with a large percentage of heartwood remained floating for 46 days. 


SUMMARY 


The 143 specimens of hardwoods examined included 45 genera (94 
species), of which 24 contained tyloses. The 60 specimens of conifers 
examined included 13 genera (45 species), of which 1 contained tyloses. 
Of the 139 species examined, 56, belonging to 25 genera, contaired 
tyloses. 

Tyloses were found in the sapwood of all species in which they occurred 
in the heartwood. 

Well-developed tyloses were found in the outermost rings near the 
bark of 30 species of hardwoods. 

True tyloses occur in the wood tracheids of certain pines, principally 
of the white-pine group. 

Epithelial cells sometimes effect a partial or even complete tyloselike 
closing of the resin canals in Pinus, Larix, Picea, and Pseudotsuga. 

A considerable proportion of the vertical canals, even in the heart- 
wood of the pines, are fully or partly open. 

Tyloses act like a natural filler in the hardwoods. 

The woods in which tyloses are abundant as a rule are durable. 

Tyloses, because they are very impermeable to air, water, and creosote, 


reduce the penetrance of the woods in which they are strongly developed. 
The presence of tyloses in the vessels of a hardwood, however, does not 
prevent the penetrance of creosote into the other wood elements. 
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PLATE LII 


Fig. 1.—Split radial face of a creosoted hickory block, showing tyloses (7) in a large 
vessel. Magnified 12 diameters. Tyloses uncolored; remaining wood substance 
black with creosote. 

Fig. 2.—Tangential section of Aesculus octandra, yellow buckeye X 680, showing 
two tyloses (J) which have grown out of one medullary-ray parenchyma cell (MR). 
Shows open connection between the tyloses and parenchyma cell. 


Fig. 3.—Cross section of valley oak, a white oak, showing young tyloses (7) next 
the bark (B) in vessels (V). 


(470) 





PLATE LI! 


4ee%, 


a’ 


ra) 
2 
3 
® 
n 
@ 
x 
3 
4 
s 
2 
3 
So 
“hs 
) 
<= 
- 
3 
) 
= 
p= J 
° 
xs 


Tyloses in American Woods 





PLATE LIIl 


Tyloses in American Woods 


a!) a. ae 
ASD 

~~ i! 
-_ as 


-,. am’ 


Journal of Agricultural Research Vol. |, No.6 











PLATE LIII 


Fig. 1.—Cross section of a white oak, showing fully developed tyloses (7) in the 
large vessels (V). 

Fig. 2.—Radial-longitudinal view, quarter-sawed surface, of the white oak shown 
in figure 1, showing complete closing of the vessel (V), which makes this wood 
valuable in light cooperage, etc. 


Fig. 3.—Cross section of sapwood of pignut hickory, showing fully developed 
tyloses (7). 

Fig. 4.—Radial view of mesquite, showing “‘gum’’ droplets (G) and formations 
often stimulating tyloses. 





PLATE LIV 


Cross section of cow oak, a white oak, showing normal and abnormal tyloses. From 
top to bottom are bark (B) and three annual growth rings (R1, R2, R3). 


Fig. 1.—Wound tyloses (WT) induced by the felling of the tree and the sudden 
cessation of sap flow. 
Fig. 2.—No tyloses (V); empty vessels. Normal tyloses not yet developed. 


Fig. 3.— Young ( YT) and well-developed normal tyloses (7). 
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PLATE LV 


Fig. 1.—Cross section of a diffuse porous wood, yellow poplar or tulip, showing 
scattered tyloses X 50. T, tylose-filled vessels; V, empty vessels. 


Fig. 2.—Cross section of a ring porous wood, osage orange, with vasicentric paren- 
chyma, showing abundantly developed tyloses (7) X 50. 





PLATE LVI 


Fig. 1.—Cross section of western white pine, showing ray tyloses (7), closed ver- 
tical resin canal (VRC) in young sapwood, and nuclei (N) visible in epithelial cells 
of canal which is beginning to split open at S. 

Fig. 2.—Tangential section of Norway pine, showing ray tyloses (T). 
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PLATE LVII 


Fig. 1.—Cross-section view of shortleaf pine, showing open and partly closed ver- 
tical resin canals (VRC). These are typical of many canals in pine heartwood. 


Shows thin-walled epithelial cells (£). 
Fig. 2.—Heartwood of Sitka spruce, showing closed vertical canal (VRC). 





PLATE LVIII 
Open and closed horizontal canals in sapwood. 


Fig. 1.—Open canal in tamarack (TE) thick-walled epithelium. 

Fig. 2.—Partly closed canal with distended epithelial cells (DE) in Douglas fir. 

Fig. 3.—Young canal which has never opened in western white pine. Cells with 
protoplasm and nuclei. Vertical canal (VRC) in same condition on right; this is 
longitudinal view of same.canal as is shown in cross section, Plate LVI, figure 1. 

Fig. 4.—Open canal in red spruce surrounded by thick-walled epithelium (TE). 


Fig. 5.—Partly closed canal in red spruce. TE, thick-walled, and DE, thin- 
walled distended epithelial cells. 

Fig. 6.—Closed canal in Engelmann spruce. From old sapwood. ‘The epithelial 
cell has completely closed the canal and its wall has become thickened. 
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PLATE LIX 


Fig. 1.—Log from collection of woods in the Forest-Products Laboratory—a speci- 
men of the material used in this study; S, sapwood; H, heartwood. 

Fig. 2.—Specimens of woods showing creosote penetrance in sap and heartwood 
as affected by tyloses. The three specimens each contain both sapwood and heart- 
wood, Specimen A.—Red oak. Has no tyloses; creosote passed chiefly down the 
large vessels; note black streaks. Wood substance between vessels little treated; 
note white streaks. Specimen B.—White oak. Has abundant tyloses in sap and 
heartwood. Creosote penetrated the sapwood only. Thorough absorption obtained 
in the sapwood substance between the impenetrable, tylose-filled vessels. Speci- 
men C.—Pignut hickory. Has abundant tyloses in sap and heartwood. Creosote 
penetrated both. Good absorption throughout in the wood substance between the 
tylose-filled vessels. Compare Plate LII, figure 1, an enlarged view of a portion of 
this block. 
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THE CAMBIUM MINER IN RIVER BIRCH 


By CHARLES T. GREENE, 
Eniomological Asststant, Forest-Insect Investigations, 
Bureau of Entomolog 


The species of the family Agromyzide generally mine in the leaves and 
stems of various plants, while some mine in their roots. The species pre- 
sented in this paper, Agromyza pruinosa Coq.,’ is quite out of the ordinary 
in that it mines in the cambium of the living tree, the mine leaving a s¢ar 
known as a “‘pith-ray fleck.’”’? These flecks in the various kinds of wood 
have been known for many years to be the result of the work of insects, 
and extensive investigations have been carried on in Europe as well as in 
this country in order to determine the species causing the damage. In- 
vestigations in Europe have proved that at least the pith-ray fleck in 
birch may be accredited to Agromyza carbonaria,® which is closely related 
to the American species. The pith-ray flecks in birch in America have 
been studied carefully, and it has been decided that Agromyza pruinosa is 
at least one of the insects that produce flecks and is possibly the only one. 
Agromyza pruinosa taken from river birch has just been reared to maturity. 
This is the first record in America of the production of flecks in birch by a 
definitely known species. (PI. LX, fig. 2.) 


SEASONAL HISTORY 


During July and the early part of August, 1912, the work of this 
dipterous larva was very common in river birch at the Chain Bridge, in 
the District of Columbia, every tree that was examined containing new 
work; but in 1913, in the same locality, only a few trees disclosed new 
work. A dipterous larva and similar work were found frequently in 
red maple (Acer rubrum), but not so commonly as in birch. In 1913 
Mr. T. E. Snyder found in wild cherry (Prunus sp.) on the Virginia shore 
of the Potomac River at the Chain Bridge two larve which are identical 
with the larve of Agromyza pruinosa in the birch, except that they are 
only two-thirds as long, although to all appearances full grown. The 
work of this species in wild cherry is identical with that in red maple 
and black birch, but the mines are correspondingly smaller. 





1 Thanks are due to Mr. J. R. Malloch for assistance in determining the species. 

2 Brown, H. P. Pith-ray flecks in wood. U.S. Dept. Agr., Forest Serv., Circ. 215, 15 p., 6 pl. May 7, 
1913. 

3 Nielsen, J.C. Zoologische Studien iiber die Markflecke. Zool. Jahrb., Abt. System., Geogr. u. Biol. 
Tiere, Bd. 23, Heft 6, p. 725-738, pl. 30. 1906 
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CHARACTER OF TREES ATTACKED 


The trees attacked are apparently healthy, and infested ones can not 
be detected by their outward appearance. The only way in which to 
detect the larva is to remove the bark and expose the cambium, where 
at a glance you can generally recognize the new galleries from the old 
ones, since new larval mines are only faintly darker than the living 
cambium; in fact, they are sometimes of a delicate pink color, whereas 
all the old work is generally dark brown. In Vilas and Oneida Counties, 
Wis., the trees in the vicinity of Tomahawk and Trout Lakes were care- 
fully examined by Mr. S. A. Rohwer last fall (1913),and no evidence of 
the cambium miner was found in white birch (Betula populifolia), red 
oak (Quercus rubra), red maple (Acer rubrum), or sugar maple (Acer 
saccharum). 

Pith-ray flecks were found in red oak (Quercus rubra) at Charter Oak, 
Pa., by Mr. T. E. Snyder and in mountain holly (Ilex monticola) at 
Endeavor, Pa., by Mr. F. C. Craighead, but the particular insect or 
insects causing them are not yet known. 


LIFE HISTORY OF THE SPECIES 
METHODS OF REARING 


Numerous experiments were conducted while rearing this species. All 
the breeding jars were placed in a pasteboard box, which was put in an 
ordinary soap box lined and covered with about five thicknesses of news- 
paper. This box was kept outside during the winter in an inclosed shed. 
The frost penetrated all the protective coverings, but not so thoroughly 
as though the boxes had been completely exposed. Jars containing 
earth and sand gave the best results in these rearing experiments. From 
April 15 to May 12, 1913, six adults emerged. On May 1 a single adult 
which was reared from the larva emerged, a hymenopterous parasite 
emerging from another pupa case on May 13. 


THE EGG 


The writer unfortunately did not succeed in securing the egg of this 
species, but it is apparently deposited in the fork of two branches which 
are about 5 to 8 years old and near the top of the tree. From the shape 
of the ovipositor (Pl. LXI, fig. 4) the egg is more than likely deposited on 
the outside of the bark, as the mine, which has been traced from a twig to 
the base of the tree, a distance of 40 feet, starts from this point like a hair 
line and, increasing in width as it goes down the trunk, reaches a width 
of one-eighth of an inch at the base. 


THE LARVA! 


The larva (Pl. LXI, fig. 1) is white, opaque, and cylindrical, averaging 
from 20 to 25 mm. in length and 1 mm. in diameter. One larva, collected 





1 The larva of this species was discovered by Mr. H. P. Brown and was first shown to the writer by Mr. 
T. E. Snyder. 
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on June 19, 1913, was 30 mm. in length and 1 mm. in diameter. The 
hooklet is shiny black and chitinized, the exposed portion being more 
highly chitinized than the rest. The hooklet complete (cephalopharyn- 
geal skeleton) dissected out is shown in Plate LXI, figure 1, a. Back of 
the large hooklet are two smaller toothlike processes, one on each side, 
the position of these being shown at 6. The anterior spiracles at c and 
the posterior pair at d are a very pale yellow, and their position is shown 
in outline. At the caudal end of the larva are two padlike surfaces, very 
faintly raised from the surface of the body, reaching nearly around the 
circumference of the body and covered with numerous brown, hooklike 
hairs or bristles. Several stages of the larve were observed, and the 
only noticeable difference was in their size. 

If the larva reaches the base of the tree before the time to pupate, it 
will turn and mine up the cambium for some distance; on one occasion 
the larva retreated for 6 feet, then returned, thus encircling the root, and 
followed it for 2 feet from the trunk. The exit hole is sometimes made on 
the side of the root, but generally it is on the underside, and the larva 
pupates immediately on emergence. The pupe were found from one- 
half to one inch from the exit hole. A portion of river birch (Betula 
nigra) with the bark removed is shown in Plate LX, figure 1, to illustrate 
the larval mines, while figure 2 is part of a cross section showing the 
“‘pith-ray flecks” from above. 

The only larva that was reared by the writer, and in fact the only one 
that reached maturity, was placed in a large vial July 30, 1912, with a 
piece of freshly cut river-birch bark, the inner surface of which was 
covered freely with fresh sap. A piece of gauze was placed over the 
opening of the vial. On August 6, 1912, at 8.30 a. m., the larva com- 
menced pupation, first becoming rigid and then changing to deep yellow 
at both ends, while the central portion remained the natural white color. 
It was 25 mm. in length and 1 mm. in diameter, but by noon it had 
decreased to about 10 mm. in length and increased to 2 mm. in diameter. 
Both ends had changed to dark brown and were perfectly formed, as in 
the pupa, and the middle was a light yellowish. At 5 p. m. the pupa 
was perfectly formed and dark brown all over, its dimensions now being 
5 mm. in length and 2 mm. in diameter. The larva pupated under the 
thin folds of the outer bark, as there was nothing else in the vial. 


THE PUPA! 


The pupa (Pl. LXI, fig. 2) is of the usual cylindrical type and dark 
reddish brown in color, averaging from 4 to 5 mm. in length by 2 mm. 
in diameter, and is formed by the shrinking of the larval skin. The 
anterior spiracles are slightly more prominent than the posterior pair. 





The pupa of the species was discovered and first shown to the writer by Mr. T. E. Snyder. 
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THE ADULT 


The adult (Pl. LXI, figs. 3 and 4) of Agromyza pruinosa Coq.,' six 
specimens of which were reared by the writer in the spring of 1913, 
is closely related to Agromyza carbonaria Zett. of Europe. Agromyza 
pruinosa remains in the pupal stage in the ground during the winter 
and emerges from the pupa case in one of two ways: Either the end of 
the pupal case is pushed off completely, or emergence is accomplished 
by tearing the end of the pupal case into shreds. Of the six specimens 
just referred to five were males and one a female. This species of 
Agromyza is represented in the United States National Museum col- 
lection by Coquillett’s type, a single male specimen (Catalogue No. 
6659, U. S. National Museum). The writer’s specimens agree perfectly 
with the type, except that they are very slightly larger. 

The general appearance of the adult female corresponds to that of the 
male, with the exception that it is slightly more robust. The ovi- 
positor is slightly over one-half of a millimeter in length, chitinized, and 
somewhat shiny on the sides and edges of the dorsal surface. It is 
slightly flattened and a little broader at the apex than at the base. On 
the dorsal surface is a granular space, rounded toward the base of the 
ovipositor. 

The total length of the female is 4 mm., and of the male about 3 mm. 
The abdomen of the female is shown in figure 4 of Plate LXI. 

In an adult that had just emerged from the pupal case, the eyes were 
brownish and the frons and face a pale yellow or orange color. The 
thorax was pale gray, the legs yellowish, and the wings opaque white, 
clearing to hyaline in about two hours. The abdomen was of a dull 
orange color, with a faint gray line along the edge of each segment. 
The whole insect assumed its natural color in two and a half hours. 


A HYMENOPTEROUS PARASITE 


On May 13, 1913, a hymenopterous parasite, Sympha agromyzae 
Rohwer ? (Pl. LXI, fig. 5), issued from a pupa case of Agromyza pruinosa 
Coq. ‘This parasite is nearly as large as its host. Apparently it deposits 
its egg within the egg of the host. The apparently normal dipterous larva 
mines down the tree trunk and enters the ground; the pupa is perfectly 
formed, outwardly exhibiting no signs of parasitism, but about the time 
the host should emerge the parasite issues instead. At maturity the end 
of the pupal case is pushed open by the parasite in the same manner as 
the host would do it. 


oquillett, D. W. New acalyptrate Diptera from North America. Jour. N. Y. Ent. Soc., v. 10, No. 
4, P. 177-191. Dec., 1902. ‘‘Agromyza pruinosa, sp. nov.,’’ p. 189. 

2" Sympha agromyzae,‘n. sp. Female. Length 3mm. Notauli well defined; prescutum with a fove- 
olate furrow; face sparsely punctured; propodeum with a transverse carina; hind tarsi pale. Type Cat. 
No. 16474 U. S. Nat. Mus.” (S. A. Rohwer). A detailed description will appear kater in the Entomo- 
logical News. 

















PLATE LX 


Fig. 1.—River birch with bark removed, showing larval mines of Agromyza 
pruinosa. 

Fig. 2.—Section through wood of river birch, showing ‘‘pith-ray flecks’’ produced 
by the work of Agromyza pruinosa. 

Photographed by H. B. Kirk. 
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PLATE LXI 


Fig. 1.—Agromyza pruinosa; Larva and details. 

Fig. 2.—Agromyza pruinosa: Pupa. 

Fig. 3.—Agromyza pruinosa: Adult male. 

Fig. 4.—Agromyza pruinosa: Abdomen of adult female, showing ovipositor. 
Fig. 5.—Sympha agromyzae: Adult. 





A STUDY OF SOME IMPERFECT FUNGI ISOLATED FROM 
WHEAT, OAT, AND BARLEY PLANTS 


By Epwarp C. JOHNSON, 


Formerly Pathologist in Charge of Cereal-Disease Investigations, 
Bureau of Plant Industry 


INTRODUCTION 


Of the imperfect fungi, many are parasitic on cereals wherever climatic 
conditions favor their development. They occur as scab on the heads, 
as leaf spots, and as infections in the culms and roots. Usually one or 
more species are present in the roots and culms of stunted plants, more 
particularly where some one cereal crop has been grown year after year 
on the same land. A study of the fungi occurring on wheat, oats, and 
barley, with particular reference to their pathogenicity, is therefore of 
much economic importance. 

Such a study was begun in the cereal-disease laboratory of the Office 
of Grain Investigations of the Department of Agriculturein 1910. Species 
of imperfect fungi were isolated from wheat, oats, and barley obtained 
from various parts of the country. Helminthosporiums, Alternarias, 
Cladosporiums, and Fusariums were obtained. They were secured from 
leaf spots or from the lower nodes, root crowns, or roots of more or less 
stunted plants. In many cases they were obtained pure from fresh sporu- 
lating material on leaves and stems. In other cases they were obtained 
from the nodes, root crowns, and roots by sterilizing these parts exter- 
nally in a 1 to 1,000 solution of mercuric chlorid, washing them in several 
changes of sterile water, and incubating them in moist chambers. After 
incubation for three to five days at a temperature of 72° to 77° F., sporu- 
lating myceliums were usually obtained. Plate cultures were then made 
and the fungi present isolated in pure cultures and propagated. On corn- 
meal agar, corn meal, and potato cylinders most of them grew and sporu- 
lated profusely. 

Pure cultures were obtained and grown and the identity determined 
as Fusarium culmorum W. G. Sm., Helminthosporium gramineum Rabh., 
Cladosporium gramineum Cda., and a species of Alternaria. The deter- 
mination of Fusarium culmorum was made by Dr. H. W. Wollenweber, 
of the Bureau of Plant Industry; the other determinations were made 
by the writer. Helminthosporium gramineum was isolated from the 
lower parts of the culms of stunted wheat plants growing on land con- 
tinuously cropped to wheat at the Minnesota Agricultural Experi- 
ment Station, and from wheat leaves and barley leaves at the same 
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place. Cladosporium gramineum was obtained from the leaves of oats 
at the same station. The Alternaria species occurring with Helmintho- 
sporium or independently were isolated from wheat culms in the same 
manner as Helminthosporium gramineum. Fusarium culmorum was iso- 
lated from wilted oat plants obtained from a 1o-acre field on the farm of 
Mr. Peter Hanson, Sandy, Utah, on May 10,1910. On this farm about 
10 acres of oats had been practically destroyed by disease a few weeks 
after the seed was planted. The plants sent to the cereal-disease labora- 
tory for examination and diagnosis were sterilized by immersing them 
in a 1 to 1,000 mercuric-chlorid solution for 10 minutes, followed by wash- 
ing in sterile water. They were then placed in a moist chamber at a 
temperature of about 75° F. for several days and were soon covered with 
a luxuriant fungous growth. This proved to be a pure culture of Fusa- 
rium culmorum. It was plated and grown on potato cylinders and corn 
meal and sporulated abundantly. 

After securing these fungi in pure cultures and inducing profuse 
sporulation, tests were made as to their pathogenicity on the leaves, 
seeds, and seedlings of wheat, oats, barley, and rye. 


INOCULATION OF LEAVES OF WHEAT, OATS, BARLEY, AND RYE WITH 
SPECIES OF IMPERFECT FUNGI 


Seedling plants of wheat (Haynes Bluestem, Minn. No. 169), oats 
(Early Gothland, Minn. No. 26), barley (Manchuria, Minn. No. 105), and 
rye (winter) were grown in the greenhouse at Washington, D. C., in 6- 
inch pots under temperature and moisture conditions as nearly normal 
as possible. When the seedlings were 2 to 3 inches high, inoculations 
were made about an inch from the leaf tip, with spores transferred from 
pure cultures in test tubes by means of a flattened inoculating needle, 
care being taken that little or none of the nutrient medium was trans- 
ferred to the leaves. If any of the medium accompanied the spores, 
control plants were similarly treated with the same medium minus the 
spores. Care was taken not to injure the leaves in any way. The 
inoculated plants were placed under bell jars standing in pans of sand 
and water, thus permitting the moisture transpired to condense on the 
leaves, making an ideal condition for spore germination. They were 
allowed to remain under the bell jars for 48 hours and were then removed 
and placed in the greenhouse at a temperature ranging from 55° to 65° F. 
Table I shows the results of these inoculations. 
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TABLE I.—Results of inoculating seedling leaves of wheat, barley, oats, and rye with 
imperfect fungi obtained from cereals. 
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1 From University Farm, St. Paul, Minn. 2 From farm of Mr. Peter Hanson, Sandy, Utah. 


Table I shows that the strains of Helminthosporium gramineum from 
both wheat and barley infected the leaves of wheat, barley, oats, and rye. 
On wheat, barley, and rye the leaf spots at the point of inoculation became 
distinct in a little less than three days after inoculation. These spots, 
which had a dead central area surrounded by a brown margin, slowly 
increased in size until their diameter was almost equal to the width of 
the leaf. A tendency to striation of the leaf area contiguous to the 
spots was noticed. No striking difference could be detected in the effect 
of the fungus from wheat or barley, the strain from wheat attacking 
barley and rye fully as severely as the strain from barley, and the strain 
from barley attacking wheat and rye fully as severely as the strain from 
wheat. On oats the two strains showed a slight difference in virulence, 
the fungus isolated from the barley apparently showing greater vigor in 
its attack than the fungus from wheat. In fact, three days after inocu- 
lation with the fungus from barley, oat leaves were so severely affected 
that in many cases they were cut in two, the tip portion often breaking 
off and falling to the ground. The two strains behaved so similarly, 
however, that physiologically they undoubtedly may be regarded as iden- 
tical. Morphologically, no difference was detected. 
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Table I also shows that Cladosporium gramineum and Fusarium cul- 
morum did not form leaf spots, even though the number of inoculated 
leaves was fairly large. This was rather unexpected in the case of 
Cladosporium, as it was obtained in pure culture by plating direct from 
a fresh mass of spores from a badly infected oat leaf in the field. Con- 
tinuous culture on artificial media apparently either reduced its virulence, 
the temperature and moisture conditions in the greenhouse not being 
such as were conducive to infection by this fungus, or infection took 
place normally only after aphid injury or other wound. That Fusarium 
culmorum did not produce leaf spot was to be expected, as it usually 
does not occur in this manner and was not isolated from a leaf but from 
a wilted plant. 


INOCULATION OF SEED OF WHEAT, OATS, BARLEY, AND RYE WITH 
SPECIES OF IMPERFECT FUNGI 


Seed of wheat, oats, barley, and rye was inoculated with spores of the 
same strains of imperfect fungi used in the seedling-leaf inoculation tests. 
The fungi were grown in pure cultures in the same manner as those used 
for the leaf inoculation work. When sporulating profusely, sterile water 
was poured into the test tubes, the spore masses were loosened by the 
use of platinum needles, and the contents were well shaken. The water 
containing the spores was then poured off and diluted with sterile water 
until a drop placed under the microscope was found to contain from 5 
to 25 or more spores. Seed of wheat, barley, oats, and rye was sterilized 
by immersion for one hour in a formalin solution consisting of 2.5 parts 
of 40 per cent formaldehyde to 1,000 parts of water and was immediately 
dried and inoculated with spores by soaking it in the water containing 
them. The seed was then planted in 6-inch pots filled with a sandy loam 
soil rich in humus and placed in the greenhouse at temperatures ranging 
from 55° to 65° F. The soil used had been sterilized previously in a 
steam sterilizer at a pressure of 15 pounds for two hours, the tempera- 
ture being approximately 265° F. Control seed which had been steril- 
ized but not inoculated was planted for comparison in every case. The 
results from such inoculation and plantings in the greenhouse are shown 
in Table IT. 
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TaBLe II.—Results of inoculating seed of wheat, barley, and oats with imperfect fungi 
isolated from grain plants. 
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Table II shows that the strains of Helminthosporium gramineum 
isolated from wheat and barley were decidedly pathogenic to germi- 
nating wheat, only 22 to 60 per cent of the inoculated wheat in five 
trials producing plants, while 65 to 87 per cent of the controls not inocu- 
lated produced sound plants. These results are shown further in Plate 
LXII, figure 1. Barley and oats were not affected to any appreciable 
degree so far as germination and sprouting were concerned, the inocu- 
lated seed producing as large a percentage of plants as the clean seed. 
Those wheat plants which developed from inoculated seed were stunted 
and not nearly so vigorous as those produced from clean seed. At the 
end of six weeks the difference in height of plants from inoculated and 
clean seed was very marked. The plants from seed inoculated with 
H. gramineum from wheat were 5.5 inches high to the tip of the second 
leaf and those from seed inoculated with H. gramineum from barley 
4.88 inches high to the tip of the second leaf, while control plants grown 
from clean seed averaged 6.45 inches high to the tip of the second leaf. 

A similar difference was noticeable in barley plants grown from inocu- 
lated and clean seed, although the difference was not quite as marked 
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as in the wheat plants. This is shown in Plate LXII, figure 2. Barley 
plants from seed inoculated with Helminthosporiwm gramineum from 
barley were 5.82 inches high at the end of six weeks, those from seed 
inoculated with H. gramineum from wheat were 6.34 inches high, and 
those from clean seed, 6.46 inches high. The measurements are the 
averages of 50 plants in each case. There was no measurable difference 
in the height of oat plants grown from inoculated and from clean seed. 
H. gramineum was easily reisolated in every trial both from stunted 
wheat and stunted barley plants by external sterilization in mercuric- 
chlorid solution and incubation at room temperature. 

Fusarium culmorum was even more virulent than Helminthosporium 
gramineum, particularly on oats. Inoculated wheat seed produced only 
22.9 per cent of sound plants, barley seed 65.5 per cent, and oat seed 
only 1.7 per cent, while the controls produced 83.3, 88.5, and 85 per 
cent of sound plants, respectively. The results of the inoculations are 
further strikingly shown in Pl. LXII, figures 3, 4,and 5. The ro-acre oat 
field where this fungus was secured had been practically destroyed by 
some disease, and these results show that F. culmorum undoubtedly was 
the causal organism. 

The two strains of Alternaria sp., one isolated from wheat culms from 
University Farm, St. Paul, Minn., the other from wilted wheat seedlings 
from Vermont, had no pathogenic effect on wheat, oats, or barley, the 
differences in percentage of germination from inoculated seed and control 
seed being so slight as to be negligible. Cladosporium gramineum also 
had very little if any effect on the seedlings, the percentage of germina- 
tion from inoculated seed being only slightly smaller than from control 
seed. 

To determine further how the Helminthosporium gramineum attacked 
the seed and seedlings, a large number of seeds and seedling plants grown 
from inoculated seed were dug and examined a few days after germina- 
tion. It was found that many of the seeds had been attacked by the 
fungus so rapidly that they had not had an opportunity to germinate. 
Many others had germinated, apparently became infected immediately, 
and were killed before they were an inch high. Plants which survived 
were severely affected, as shown by the brown discoloration at the base 
of the culms, a condition not noticed in any of the controls. This dis- 
coloration usually occurred in the basal leaf sheath. When the plants 
had grown for several weeks, it was also very noticeable in the root crown. 
The discoloration was not as marked in barley grown from inoculated 
seed as the discoloration in wheat and was entirely absent in oats. 

Numerous seeds and seedlings inoculated with Fusariwm culmorum were 
also examined. Many seeds were found to have been killed before the 
process of germination had proceeded sufficiently far for any roots to 
form and before the plumule emerged from the ground. Eight days after 
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planting, the whole seed often was permeated by the fungus, the contents 
of theseed coats having a pink coloration. The plantswhich survived were 
discolored at the base in a manner similar to those of plants from seed 
inoculated with Helminthosporium gramineum. Where discolorations oc- 
curred, it was the first leaf sheath which was affected, while the central 
stem or culm was normal in appearance and color. The vigor of the 
plants from inoculated seed was markedly reduced, and they were shorter 
than the normal plants dusing the six weeks in which they were grown. 
This was true also of wheat and barley grown from seed inoculated with 
this fungus. 


COMPARATIVE ROOT DEVELOPMENT OF WHEAT PLANTS GROWN FROM 
SEED INOCULATED WITH HELMINTHOSPORIUM GRAMINEUM AND 
FROM CLEAN SEED 


To determine the comparative development of the root systems of sur- 
viving plants from seed inoculated with Helminthosporium gramineum 
and from clean seed, two pots of wheat containing five plants each, one 
grown from inoculated and the other from clean seed, were removed 
to the laboratory and the soil carefully washed away from the root sys- 
tems. The roots were spread out by floating them in water and then 
drawing off the water. The difference in development of the root 
systems of the two sets of plants was very marked. The roots of plants 
from inoculated seed were discolored near the root crown. They were 
also much shorter and much less vigorous than roots of plants from clean 
seed; this is strikingly shown in Plate LXIII. Numerous other plants 
were examined, and it was found that in practically every case where 
inoculated seed had produced plants which survived, the root systems 
were less vigorous than in plants grown from clean seed. 


SOIL INFECTION WITH HELMINTHOSPORIUM 


To determine whether or not soil in which seed inoculated with Hel- 
minthosporium gramineum had been planted would remain sufficiently 
infected for any length of time to injure later plantings, inoculated seed 
was planted in pots in the greenhouse at Washington, D. C., on November 
21, 1911, and the resulting plants were grown for five weeks and then cut 
off. Control pots were similarly planted with clean seed and the plants 
removed after five weeks. These pots were again sown on January 13, 
1912, with wheat which had been previously sterilized in a 2.5 to 1,000 
formalin solution. Of 150 seeds planted in the soil in which wheat plants 
had been grown from seed inoculated with H. gramineum, 104, or 69.3 
per cent, germinated and produced plants, while of 90 seeds planted in 
control pots 76, or 84.4 per cent, germinated. This indicates that the 
soil remained infected during the two months in which the experiment 
was in progress. How long soil remains infected in this way is one of 
the important problems in plant pathology. 

28736°—14——4 
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FIELD EXPERIMENTS WITH SEED INOCULATED WITH IMPERFECT 
FUNGI 


In order to test whether the imperfect fungi which were found patho- 
genic in the greenhouse on seeds and seedlings would act similarly under 
field conditions, field experiments were undertaken at University Farm, 
St. Paul, Minn., in the spring of 1912.1. The two strains of Helmintho- 
sporium gramineum and the one strain of Fusarium culmorum which had 
been found pathogenic in the greenhouse were tested in connection with 
wheat, barley, and oat seed. The same varieties of grains which were 
used in the experiments at Washington, D. C., were used in the field 
experiments. The seed was treated in a formalin solution of 3 parts of 
40 per cent formaldehyde to 1,000 parts of water for one hour and after- 
wards was inoculated exactly as in the greenhouse work already described. 
Immediately after inoculation, the seed was planted in the field in rows 
1 rod in length and 10 inches apart, with controls every alternate two 
rows. ‘The seeds were counted. After the grain had sprouted and the 
plants were from 3 to 6 inches high, careful counts were made to deter- 
mine the percentage of germination and observation made of the vigor 
of the plants during the first few weeks of growth. The results are given 
in Table III. 


TABLE III.—Results of inoculating seed of wheat, barley, and oats with imperfect fungi 
isolated from grain plants, and of planting them in the field at University Farm, 
St. Paul, Minn. 
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The results given in Table III substantiate the results of the experi- 
ments in the greenhouse. Helminthosporitum gramineum from wheat 
when applied to the seed reduced the percentage of germination of both 
wheat and barley, but not to the same extent as in the greenhouse tests. 
Oats were not appreciably affected. The material used for inoculation 





1 In these experiments the writer was assisted by Messrs. Alden A. Potter and John H. Parker. 
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was not in a profusely sporulating stage and therefore not in as active a 
condition as the material which was used in the inoculations in the green- 
house. The seed which was inoculated also was still slightly damp after 
the treatment in the formalin solution and this trace of formalin might 
have reduced the effectiveness of the spores to some extent. The strain 
of H. gramineum from barley was more virulent than the strain from 
wheat, the percentage of germination being less where this strain was 
used for inoculation than where the strain from wheat was used. After 
inoculating with this strain, even the germination of the oats was con- 
siderably affected. The material used for inoculation, however, was in 
better condition than the material of the strain from wheat, asthefungus 
was sporulating abundantly when used. The plants of both wheat and 
oats which survived were less vigorous than the plants from clean seed, 
being slightly smaller than the plants in the control rows. 

Fusarium culmorum also was virulent, particularly on oats, and its 
effect on wheat and barley was marked. The wheat plants which sur- 
vived after inoculation with this fungus were smaller than those in the 
control rows, the difference being measurable. Several of the plants 
were dying when counted. In the case of barley the difference in the 
plants from inoculated seed and control seed was not marked, while in 
the case of oats many plants from the inoculated seed were very weak 
when counted, the difference in vigor between them and plants from 
clean seed being very noticeable. There was a sufficient difference in 
stand between rows from inoculated and from clean seed in the case of 
wheat, oats, and barley to be noticeable even without counting the plants. 

That the reduction in germination and injury to seedlings was less 
marked in the field experiments than in the greenhouse experiments may 
be due to several causes. ‘The temperatures in the field were consider- 
ably lower than under greenhouse conditions, and the fungi may have 
been less active for that reason. Again, the grain which had been treated 
with a formalin solution was not absolutely dry when inoculated and the 
trace of formalin present may have reduced the vitality of the spores, 
One other fact, however, which may have had a marked influence is that 
in the field the fungi used for inoculation would have to compete with 
other fungi and bacteria in the soil and many of the spores may have been 
injured before they could germinate and infect the grain. That such 
competition between fungi and bacteria in the soil may not be uncommon 
was indicated in a preliminary experiment in the greenhouse where wheat 
inoculated with Helminthosporium gramineum was planted in sterilized 
and unsterilized soil. It was found that the wheat planted in the ster- 
ilized soil was more severely injured by the fungus than the wheat planted 
in unsterilized soil, the percentage of germination being less in the ster- 
ilized soil than in the soil not sterilized. In a second experiment of this 
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nature the results were not as marked as in the first, although there was 
a difference in germination of 3.8 per cent between inoculated wheat 
planted in sterilized soil and inoculated wheat planted in soil which 
had not been sterilized. 


A SYNOPSIS OF WORK RELATIVE TO HELMINTHOSPORIUMS AND 
FUSARIUMS ON CEREALS 


The most comprehensive study of Helminthosporiums on grains is 
that of Ravn (20)! who isolated three species from barley and oats and by 
cultural and inoculation experiments, as well as a study of the morphology, 
definitely established their identity. Eidam (12) was the first to under- 
take inoculation experiments with species of Helminthosporiums. He 
inoculated barley with a strain of Helminthosporium secured from oats, 
but without positive results. Ritzema Bos (21) describes some of the 
diseases of barley in Holland and ascribes them to H. gramineum. 
Frank (13) describes a disease of barley which appears on the lower leaves 
of young plants and spreads gradually upward and believes it to be due 
to an infection of H. gramineum. Ritzema Bos (22) describes a dis- 
ease on oats slightly different from a leaf spot in barley and believes it 
to be caused by H. gramineum. Pammel (18) describes a characteristic 
barley disease appearing in the United States and believes H. gramineum 
to be the causal organism. Many other investigators, both in Europe 
and this country, have studied the Helminthosporiums on grains with 
more or less definite results, and the literature on the subject is extensive. 
Practically all these studies, however, have been based on examinations 
of diseased plants and, with the exception of the work of Eidam, already 
quoted, have not been based on cultural and inoculation work. Hecke 
(14) secured a pure culture of H. gramineum from barley plants. He 
inoculated seedling barley plants both with mycelium and sclerotia and 
secured positive results in the formation of brown spots on the leaves. 
Ravn (20) cleared up the question of identity of three species of the 
Helminthosporiums attacking barley and oats. In extensive cultural 
and inoculation studies he obtained pure cultures. One of these he 
secured from stunted barley plants and established that it was the cause 
of deep-seated infection in the tissues of leaf, stem, and roots, while 
another species affected only the leaves, but was not systemic. The 
first he attributes to H. gramineum, the second to H. teres Sac. A 
similar disease on oats is attributed to H. avenae Br. and Cav. These 
three fungi were studied in pure cultures on beer wort and other culture 
media and found to differ in cultural characteristics, H. gramineum, 
after 14 to 20 days’ growth on beer wort, producing a snow-white, uni- 
formly smooth mycelium; H. teres, a much less abundant mycelium, 
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which gathers more or less in masses; and H. avenae, a mycelium more 
nearly resembling H. gramineum, but less smooth and with more of a 
tendency to mass together. The developmental history and morphology 
of the mycelium and conidia in culture was very similar for the three 
species, but when the conidia were measured in large numbers those of 
H. teres were slightly longer than those of H. gramineum and those of H. 
avenae slightly larger than those of H. teres. 

In a series of inoculation experiments Helminthosporium ieres from 
barley transferred to barley, but not to oats, rye, or wheat; H. grami- 
neum to barley, but not to oats; and H. avenae to oats, very slightly to 
barley, and not to rye. 

Until Ravn made these intensive studies of the three Helminthospo- 
riums they had been confused in the literature as to identity. The strain 
of H. gramineum discussed in this paper corresponds in cultural and 
morphological characteristics to the descriptions by Ravn. 

Pammel, King, and Bakke (19) report a number of species of Helmin- 
thosporium on cereals in Iowa, among them H. gramineum. ‘They cite 
inoculation tests to show that infection occurred when barley seedlings 
were inoculated with spores of this fungus and when the soil in which 
seedlings grew was inoculated. Beckwith (5) reports the isolation of 
undetermined species of Helminthosporium from old wheat soils, roots, 
and stems of wheat in North Dakota, but no inoculation experiments 
are mentioned. A comprehensive bibliography of the literature on 
Helminthosporiums up to 1900 is given by Ravn (20). 

The literature relating to Fusariums on grains is also very extensive. 
Chester (10) reports that F. culmorum is the cause of the disease known 
as scab of wheat and shows that many shrunken wheat kernels con- 
tain a fungous mycelium. Detmers (11) shows that the disease known 
as wheat scab in Europe and caused by F. culmorum has become preva- 
lent in America. Selby (30) ascribes wheat scab in Ohio to the fungus 
F. roseum Link. and believes the conidial form of Gibberella saubinetti to 
be its conidial stage. Some field inoculations with Fusarium attempted 
by him were unsuccessful. 

The first investigator to show with any degree of certainty that Fusa- 
rium infection can be carried with the seed is Rostrup (25, 26, 27, 28). 
Ritzema Bos (24), Westerdijk (35), Volkart (34), Appel (1, 2), and Selby 
and Manns (31) came to similar conclusions. Sorauer (32, 33) was the 
first to prove that infection could be carried with the seed. He main- 
tains, however, that infection in this manner is of small consequence 
as compared with infection through the soil. 

Selby and Manns (31), in their studies on the form Gibberella, con- 
clude that this fungus attacks rye, oats, barley, and spelt. Inoculations 
on wheat with pure cultures of Gibberella saubinetti (Mont.) Sacc. from 
perithecia on wheat reduced germination to the extent of 17.1 and 32.4 
per cent, respectively. Similar results on both wheat and oats were 
obtained by them with Fusarium roseum from wheat and clover. 








486 Journal of Agricultural Research Vol. I, No.6 





Appel (3) believed that infection with Fusarium nivale Ces. is due 
principally to soil infection, while Hiltner and Ihssen (15) believe that 
seed infection is of more importance. 

Muth (17) carried on pure culture inoculation experiments on rye with 
Fusarium roseum. In these, 55 per cent of the inoculated seed sprouted 
while only 63 per cent of the controls sprouted. A large number of 
plants from inoculated seed, however, showed the results of infection 
through a yellowish or yellowish brown discoloration of the roots. 

Beckwith (4) reports numerous isolations of Fusarium species and 
other imperfect fungi from stems and roots of wheat grown on soil 
continuously cropped to wheat and from the soil itself. 

Mortensen (16) demonstrated that rye seed heavily infected with 
Fusarium nivale Ces. produced diseased plants... He states that not only 
F. nivale but other Fusariums produce root diseases in cereal plants. 

Bolley (6), from extensive field studies on wheat from land continu- 
ously cropped to wheat, has come to the conclusion that ‘through the 
practice of continuous wheating, soils in many cases have become in- 
fected with from one to three or four definite parasitic fungi which 
attack in the same manner as the flax-sick fungi attack and destroy the 
flax crop on flax lands and, therefore, such wheat lands may be said to 
be ‘wheat sick.’’”’? These views are further elaborated by him from 
extensive field studies and observations (7, 8). Bolley (9) also reports 
on the isolation of a considerable number of imperfect fungi from the 
nodes and internodes of wheat plants grown on experimental plats at 
the North Dakota Agricultural Experiment Station. Among them unde- 
termined species of Helminthosporium and Fusarium occurred in abun- 
dance. No inoculation experiments are reported. 

Schaffnit (29) in a comprehensive work on “Schneeschimmel’’ gives 
a discussion of the fungus Fusarium mivale with relation to its occur- 
rence, morphology, cultural characteristics, physiology, and preventive 
measures. He shows that this disease is due both to soil infection and 
seed infection, the former being more common. Incidental to his work 
on F., nivale Schaffnit (29) performed some inoculation experiments 
with F. rubiginosum Appel and Woll. on etiolated rye seedlings in 
damp atmosphere with positive results. The number of inoculations 
is not stated. F. rubiginosum has recently been demonstrated by 
Dr. H. W. Wollenweber to be identical with F. culmorum. A compre- 
hensive bibliography of literature dealing with Fusariums on cereals is 
given by Mortensen (16). 


CONCLUSIONS 


The experiments described in this paper and the literature cited 
show that some of the imperfect fungi occurring on small grains and 
inducing leaf spots or systemic infections are pathogenic when, under 
favorable conditions, they come in contact with seeds and seedlings, 
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while other forms apparently are nonparasitic. Helminthosporium 
gramineum and Fusarium culmorum were found to be parasitic, while 
Cladosporium gramineum and an undetermined species of Altenaria were 
not parasitic under the conditions here described. That only certain 
species are pathogenic is to be expected. Their identity as well as that 
of the large number of forms apparently saprophytic on cereals is more 
or less confused in the literature but should be determined, and the 
extent to which these fungi affect cereals should be ascertanied by 
laboratory and greenhouse studies. These need to be reinforced by pure 
culture inoculations of seeds, seedlings, plants in various stages of 
growth, and soil under field conditions before the exact relation of such 
fungi to cereal cropping can be definitely established. 
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PLATE LXII 


Fig. 1.—Wheat seedlings from seed inoculated with spores of Helminthosporium 
gramineum and from seed externally sterilized ; photographed three weeks after plant- 
ing. The three rows of pots on the left were sown with seed inoculated with spores 
of H. gramineum from barley, the two rows in the center with sterilized seed, and 
the three rows on the right with spores of H. gramineum from wheat. 

Fig. 2.—Barley seedlings from seed inoculated with Helminthosporium gramineum 
and from sterilized seed; photographed three weeks after planting. The three rows 
of pots on the left from seed inoculated with spores of H. gramineum from barley, 
the next three rows from seed externally sterilized, and the row on the right from 
seed inoculated with H. gramineum from wheat. 

Fig. 3.—Wheat seedlings from seed inoculated with spores of Fusarium culmorum 
from oat seedlings (two rows of pots on right) and from seed externally sterilized (two 
rows of pots on left). Photographed two weeks after planting. 

Fig. 4.—Barley seedlings from seed inoculated with spores of Fusarium culmorum 
from oat seedlings (two rows of pots on right) and from seed externally sterilized 
(three rows on left). Photographed two weeks after planting. 

Fig. 5.—Oat seedlings from seed inoculated with spores of Fusarium culmorum from 
oat seedlings (two rows on right) and from seed externally sterilized (three rows on 
left). Photographed two weeks after planting. 
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PLATE LXIII 


Root systems of wheat seedlings grown in 6-inch pots from seed externally sterilized 
(left) and from seed inoculated with Helminthosporium gramineum from wheat 
(right). Photographed six weeks after planting. 











THE ORIGIN OF SOME OF THE STREPTOCOCCI FOUND 
IN MILK 


By L. A. RocErs and ArRNoLD O. DAHLBERG, 
Dairy Division, Bureau of Animal Industry 


INTRODUCTION 


In the higher plants and animals we are accustomed to associating 
species with a more or less definite habitat. Certain animals are found 
only in certain localities. One species of trees may be found only on 
a particular type of soil. A still narrower limit of distribution is found 
in some of the parasitic fungi which grow only on closely related host 
plants. Zoologists or botanists find the types on which they base their 
descriptions in the natural habitat of the organism. This relation has 
not always existed in the published descriptions of bacteria. The 
association of a natural group with a particular habitat has been more 
or less incidental, except perhaps with the pathogenic bacteria, and 
even with some of these it is not impossible that the pathological con- 
ditions under which they are found may not be the true habitat of the 
species. The colon group, while it is frequently found in water and milk, 
has its natural habitat in the intestinal tract of warm-blooded animals. 
Winslow found that certain chromogenic cocci were associated with 
the skin of animals.' Some of the English bacteriologists have pointed 
out that the streptococci from horse manure, for instance, have a set of 
physiological reactions which differentiates them from those from saliva 
or pathological conditions.? It is only through a knowledge of the habitat 
and the study of sufficient cultures to establish a type that true bacterial 
species can be determined. If we were to write a description of the 
German people we would go to Germany, not to an American city 
where German immigrants live. 

Countless descriptions have been written of bacteria isolated from 
milk until we have come to consider certain types as peculiar to this 
medium. ‘The bacteria found in milk, however, are a heterogeneous 
collection, and the true types of milk bacteria are to be sought in the 
sources from which milk is contaminated. Esten has suggested that 
the streptococci or lactic-acid bacteria of milk come originally from 
the mouth of the cow. The feces of the animal must, unfortunately, 





1 Winslow, C. E. A., and Winslow, Anne R. Systematic relationships of the Coccacez. ed. 1, 300 p., 
illus. New York, 1908. 

2 Andrewes, F. W. Report on the micro-organisms present in sewer air and in the air of drains. 36th 
Ann. Rpt. Local Govt. Bd. [Gt. Brit.], 1906-07, Suppl. Rpt. Med. Off., p. 183-204. 1908. 

8’ Esten, W. M. Bacterium lactis acidi and its sources. Conn. Storrs Agr. Expt. Sta. Bul. so, 27 p., 
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be considered as a possible source of bacteria in milk, among which 
would undoubtedly be found members of the lactic group. Kinyoun 
and Dieter believe that the presence in milk of cocci which form chains 
in lactose bile at 37° C. is presumptive evidence that the milk is con- 
taminated with feces.’ It is the more common practice, however, to 
consider this type as the indication of the presence in the herd pro- 
ducing the milk of one or more cows with infected udders. 

The mouth is known to contain streptococci, and the habit of cows of 
licking their flanks and udders provides a more or less direct connection 
between the mouth and the milk pail. Each of these sources may be 
considered as the normal habitat of bacteria. Under these conditions 
they persist for indefinite generations, adapting themselves to their 
environment until it is reasonable to suppose the characters acquired 
become sufficiently fixed to have at least varietal significance. 

The study of streptococci originating within such circumscribed limits 
is of interest in addition to its taxonomic importance, in the light it may 
cast on the origin of some of the bacteria in milk and the significance 
from the hygienic standpoint of the presence of certain types. 

In this paper are recorded the results of a study of streptococci repre- 
senting three of the possible sources from which this group may find its 
way into milk. The morphology of this collection was studied with 
the hope that this would give some basis for a division into varieties. 
The ability of these cultures to utilize a number of carbohydrates and 
alcohols was determined. On the basis of these fermentations several 
groups are established, each of which is made up of a large number of 
identical cultures constituting the type about which are grouped similar 
cultures, but which varied from it in one or two reactions. ‘The prob- 
able relation of one of these groups to well-known species is pointed out. 


THE CULTURES STUDIED 


A collection of streptococci were obtained from milk, from bovine 
feces, from the mouths of cows, and from the udders of cows. With the 
exception of those from milk an effort was made to make the cultures 
as representative as possible. The procedure of isolating the milk cul- 
tures followed that usually employed in the laboratories of~boards of 
health. Small portions of the milk were added to lactose-bile tubes 
which were incubated at 37° C. Tubes showing streptococci in distinct 
chains on microscopical examination were plated on lactose agar and the 
chain-forming cocci subcultured. In this way 42 cultures were isolated 
from 25 samples of milk and cream collected at Washington or at the 
creamery at Troy, Pa. No two samples came from the same farm. A 
few cultures were obtained through the courtesy of Dr. Kinyoun and 
Mr. Dieter from lactose-bile tubes in the laboratory of the health depart- 
ment of the District of Columbia. These cultures, therefore, did not 





1 Kinyoun, J. J., and Dieter, L. V. A bacteriological study of the milk supply of Washington, D.C, 
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represent the normal streptococci of milk but rather those which would 
usually be distinguished as indicating contamination from infected udders 
or fecal sources. 

Fifty-one cultures were isolated from 19 samples of milk obtained 
by milking directly into sterile test tubes. The cows from which these 
samples were obtained represented all gradations of infected udder 
from occasional evidence of garget to acute mammitis. Part of these 
were in the Dairy Division herd at Beltsville, Md., and the remainder in 
the herd on the Naval Academy farm at Annapolis, Md. One hundred 
and fourteen cultures came from 56 samples of cow manure obtained, 
with the exception of a few from Troy, Pa., at the Dairy Division farm 
and at the dairy of the Government Hospital for the Insane at Wash- 
ington. Thirty-nine cultures were made from the mouths of animals 
at the Dairy Division farms. With the exception of one culture obtained 
from the mouth of a mule, all of these cultures were of bovine origin. 
In Table II the origin of the culture is indicated by M for milk, U for 
udder, F for feces, and B for mouth. The sample from which the culture 
was secured is indicated by a number following the letter. For instance, 
‘““Fi5” represents sample of feces No. 15. This will enable the reader 
to determine the origin of each culture and the number of cultures from 
each sample. 


MORPHOLOGY OF THE CULTURES 


While it is generally recognized that there is little morphological basis 
for subdivisions of the streptococci, reference is frequently made to 
certain types of cells. Stowell, Hilliard, and Schlesinger,’ in selecting 
streptococci from milk for comparison with those isolated from the 
human throat, rejected diplococci and the oval-chained form which they 
designate as the Streptococcus lacticus of Kruse or the Bacillus lactis 
acidit group, respectively. In selecting our cultures no attention was 
paid to morphology beyond determining that it was a coccus apparently 
dividing in one plane, with the exception of those from milk, which were 
not accepted if they did not form chains of at least 8 or ro cells. The 
morphology of nearly all cultures was determined by examination of 
specimens stained with gentian violet. Camera-lucida drawings were 
made using a Leitz 3 mm. objective and No. 18 ocular, a combination 
which gave a magnification of 2,400 diameters at the ocular, or 4,800 
diameters on the drawing board. Sufficient light to give a clear image 
was obtained by using a special are light with a copper-sulphate ray 
filter. 

Preliminary studies showed that the medium on which the culture was 
grown had an appreciable influence on both the size and the form of the 
cell. ‘This is shown in figure 1, which is reproduced from camera-lucida 
drawings of typical cultures grown on various media. Milk gave quite 





1 Stowell, E. C., Hilliard, C. M., and Schlesinger, M. J., A statistical study of the streptococci from milk 
and from the human throat. Jour. Infect. Diseases, v. 12, m0. 2, Pp. 144-164. 1913. 
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uniformly smaller cells and less tendency to chain formation than broth 
oragar. ‘The cells at a are from culture /o on milk, 6 on broth, and ¢ on 
agar, all incubated 48 hours at 37° C. The difference between the dis- 
tinctly rod-shaped cell found on agar and the small round cell obtained 
from milk is marked. That differences in size of cells are not due entirely 
to differences in the medium is shown by the chain at h. This com- 
bination of small and large cells in a single chain is not unusual in broth, 
a medium in which there is a marked tendency to form enlarged and 
abnormal cells. In some cultures the transition from normal cells to 
those of monstrous size and form was so rapid that it was difficult to 
obtain preparations 
showing what could be 
considered normal cells. 
The most satisfactory 
preparations were ob- 
tained in incubating 
broth cultures until a 
distinct cloudiness was 
obtained, centrifuging 
the culture, siphoning 
off the broth, and wash- 
ing the sediment with 
sterile water. Aftercen- 
trifuging again the wa- 
ter wassiphoned off, and 
apreparationmadefrom 
thesediment. This gave 


P 1) O 
oO, fon) 


59 70 


h 


Fic. 1.—Cells of streptococci, showing variation in size and morph- e 
ology. a, culture Jo on milk; b, culture Jo on broth; c, culture lo on a clear field suitable for 


agar; d, culture Ji on lactose bile; e, culture lion broth; f,culturegn examination under a 
on milk; g and 4, culture gm on broth. high-power microscope. 
Various types of cells which were found in this collection are shown in 
figure 2. It will be observed that much of the variation in these types is 
in size only or in chain formation. The slender-pointed cells shown at F 
were peculiar to the cultures obtained from the mouth of animals, but the 
cultures from this source were not confined to this type. In Table II the 
letter under the heading “ Morphology”’ refers to figure 2, although it is 
obvious that in many cases the assignment to a particular type can be 
only an approximation. The variation of the morphology is so great and 
so easily affected by the environment that it was not considered in the 
final arrangement of groups. It should be stated, however, that among 
the udder cultures the tendency to chain formation was much more 
marked and more constant than among all other cultures. 


METHODS OF DIFFERENTIATION 


When morphological distinctions are lacking, we are forced to use the 
physiology of the organism as a basis of classification. No single system 





Maf. 25, 1914 Streptococci m Milk 495 


of characters can be adopted for all classes of bacteria. The significant 
characters will be found for each group only by a study of its normal 
activities and the utilization of those functions which show the nature, 
limitations, and relationship of the group. The striking characteristic 
of the streptococci is their ability to form acids from carbohydrates and 
related substances, and this peculiarity has been very generally utilized 
for purposes of classification. The voluminous literature bearing pro 
and con on the constancy and the value of these tests has been reviewed 
fully in various papers and need not be taken up here. It may be safely 
asserted, however, that the fermentative ability is as constant and as 
significant for purposes of classification as the characters adopted by 
those who reject the fermentation tests as too variable. For instance, 
Davis, who rejects the sugar fermentations as untrustworthy, divides the 
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Fic. 2.—Types of cells of streptococci. 


streptococci into five groups on the basis of hemolysis, green colonies on 
blood agar, capsule, solubility in bile, inulin fermentation, experimental 
arthritis, and experimental endocarditis." 

For purposes of classification, we have used the liquefaction of gelatin 
and the fermentation of dextrose, saccharose, lactose, raffinose, starch, 
inulin, mannite, and glycerin. Adonite and dulcite were tested, but as 
they were fermented by only one or two of these cultures they were of 
no value. The liquefaction of gelatin was determined by inoculating 
the surface of the gelatin tube with a few drops of a broth culture and 
measuring the liquefaction after 30 days at 20° C. 

The fermentation of the test substances was determined in a medium 


made as follows: 


Per cent. 
Beef extract 


Peptone 
Dibasic potassium phosphate 
Test substance 





1 Davis, D. J. Interrelations in the streptococcus group with special reference to anaphylactic reactions. 
Jour. Infect. Diseases, v. 12, nO. 3, P. 386. 1913. 
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The cultures were incubated for seven days at 30° and titrated cold 
against twentieth-normal sodium hydrate with phenolphthalein as an indi- 
cator. From the results so obtained is subtracted the titration of a blank, 
and the result is expressed as the percentage of normal acid. Some objec- 
tion may be raised against the use of 30° C. as an incubation temperature 
rather than the more common one of 37°. The lower temperature was 
adopted because practically all streptococci will grow at this temperature, 
while a few grow at 37° slowly or not at all. 

The fermentation produced by the streptococci is in almost all cases 
so marked that there is very rarely any question about the presence or 
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Fic. 3.—Curve showing the typical rate of fermentation of dextrose and glycerin. 


absence of the fermentation. Of all the substances we have used gly- 
cerin forms an exception to this rule. The fermentation proceeds 
slowly and in seven days may be slightly above or slightly below 1 per 
cent normal acid, the point selected as marking the line between fer- 
mentation and no fermentation. ‘This is illustrated by Table I, which 
shows the progressive rate of fermentation by typical cultures. Three 
cultures fermenting dextrose are included to show the usual course of the 
fermentation in the more easily fermented sugars. Each titration was 
made from a separate tube. A study of this table shows that the 12 
cultures may be divided into three quite distinct types on the basis of 
the rate of fermentation of glycerin. This is shown more clearly in 
figure 3, in which the average titrations for each of the three types are 
plotted. Two of these cultures fermented the glycerin with comparative 
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rapidity and after three days there was no question that the cultures 
were able to utilize glycerin. Those represented by the curve D, on 
the other hand, produce only a very slight increase in acidity, which even 
at the end of 14 days is only slightly above 1 per cent normal. 

Between these two is a third group in which there is a slow but dis- 
tinct increase in acidity. At seven days the acidity is above 1 per cent 
normal. While an error may be introduced in some cases by drawing 
the line between fermentation and no fermentation of glycerin at 1 per 
cent normal, it is believed that in these results this error will be slight. 
These results illustrate the value of the exact results obtained by titra- 
tion which we have always used in preference to the simpler and more 
rapid way of determining the change of reaction with litmus in solution 
in the broth or with litmus papers. 

We also consider it a decided advantage to allow sufficient time for 
the completion of the fermentation, thus securing an end point rather 
than some intermediate and varying determination. Seven days are 
not sufficient for the completion of the glycerin fermentation, but it is 
undoubtedly ample for other test substances which we have used. 






















TABLE I.—Progressive fermentation of dextrose and glycerin. 


DEXTROSE. 





Percentage of normal acid produced in— 
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THE CORRELATION OF PHYSIOLOGICAL CHARACTERS 








The complete results of the tests made on this collection of cultures are 
presented in Table II. The reduction of neutral red and the curdling 
of milk are given in the table, but are not used in the correlations, 
Adonite and dulcite are necessarily excluded, since these cultures almost 
without exception fail to ferment these two substances. 
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TABLE II.—Physiological characters of all cultures. 
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TaBLE II.—Physiological characters of all cultures—Continued. 


“AZ0joydsoyy 














‘ON asnyND 














. 25, 1914 Streptococci in Milk 





TABLE II.—Physiological characters of all cultures—Continued. 
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In one particular our results do not agree with the conclusions reached 
by Stowell, Hilliard, and Schlesinger ' and by Howe and others in that 
the “metabolic gradient” which they establish, in our opinion, can be 
correct only for the particular group under consideration, since the 
number of cultures utilizing any particular carbohydrates or similar 
compound is dependent on the peculiarities of the cultures as well as 
on the composition or the configuration of the test substance. While 
in a general way our cultures follow the scheme outlined by Stowell, 
Hilliard, and Schlesinger, this arrangement may be varied, as will be 
pointed out later, by varying the source from which the cultures are 
obtained. In one group of our collection a much larger percentage of 
cultures give a fermentation with mannite than with raffinose; in others 
the conditions are reversed. In no case did we obtain a higher per- 
centage of positive results with mannite than with inulin, although 
both Winslow and Stowell, Hilliard, and Schlesinger put inulin above 
mannite. Dulcite may be considered as one of the more difficultly 
fermented alcohols, and yet in our work on the colon group we found 
that dulcite was fermented most frequently, not by the more active 
group but by the one which otherwise showed weak fermentative ability. 
With adonite the conditions were reversed. 

There is among all acid-forming bacteria and especially among the 
streptococci considerable variation in the maximum amount of acid 
produced. Winslow has shown that this may be a valuable aid in dis- 


1 Stowell, E. C., Hilliard, C. M., and Schlesinger, M. J. A statistical study of the streptococci from 
milk and from the throat. Jour. Infect. Diseases, v. 12, mo. 2, DP. 1447164. 1913. 
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tinguishing cocci of different species.' Stowell, Hilliard, and Schlesinger, 
in the paper already quoted,’ have pointed out the marked difference 
in this regard between streptococci from milk and those from the human 
throat. In Table III is shown the distribution of cultures according to 
their source and the quantity of acid formed in dextrose broth. This is also 
shown graphically in figure 4. The mode for the culture from the mouth 
falls over 6.5 per cent, while that for the udder organisms is over 5.0 
per cent, and that for those from feces is 5.5 percent. The mode for each 
group is sharply defined, especially those for the udder and feces groups. 
On the assumption that the cultures obtained from milk may have 
come originally from any of the other sources, we would expect the 
curve representing the milk cultures to spread over the space occupied 
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Fic. 4.—Frequency curves showing acid formation in dextrose broth. 


by the other curves. This is true in a general way, but the curve for 
the milk cultures has a mode falling between that for the udder and 
the feces cultures. It should be remembered that the milk cultures 
were not selected promiscuously but from bile tubes incubated at 37° C. 


TABLE III.—Distribution of cultures according to the percentage of normal acid pro- 
duced in dextrose broth. 








| Total number | 


Source. 


of cultures. 
Below 1.0. 
4-0 to 4.5. 
| 6.0 to 6.5. 
| 7.0 to 7.5. 


Milk: 
Number . 
Per cent . 

Udder: 
Number .| | i § ‘ 6 4 3 I 
Per cent .| 3. 4 ‘ " i“ ‘ 41. 3 \11-76 | 7-84 | 5-88 | 1.96 

Feces: 
Number .| | } 3 13 44 23 18 
Per cent . | | le . ‘tn 11-40 |38-59 |20.17 |I5-79 

Mouth: | | 

Number . 3 s | 7 & 12 4} 

| 12.82 jt#98 : hat 30-77 |10. 26 | 
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26. po 16. 67 19. 05 
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‘1 Winslow, C1 E. A., and Winslow, Anne R. Systematic mbdieihien of the Coccaceae. ed. 1, 300 p., 
illus. New York, 1908. 
2 Stowell, Hilliard, and Schlesinger. Op. cit. 
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ACTION ON LITMUS MILK 


Late in the course of the investigation it was noticed that there were 
distinct differences in the action of different cultures on the litmus in 
milk and that this difference was in some relation to the source of the 
cultures. Some cultures decolorized the litmus promptly, leaving a 
white curd, with the exception of a pink ring at the top, which slowly 
extended downward. Other cultures produced a curd which remained 
pink throughout for an indefinite period. This action was recorded for 
the cultures then available, and the results are given in Table IV. It 
will be noticed that while the ability to reduce litmus is characteristic 
of the mouth cultures it is almost entirely lacking in the cultures from 
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Fic. s.—Graphic representation of the characters of cultures of streptococci from milk and from bovine 
feces. 






































the udder. The number of cultures in the two other groups in which 
this character was recorded is too small to permit conclusions, but there 
may be observed a tendency in the milk cultures to agree with those 
from the udder. 


TABLE 1V.—Distribution of cultures according to action on litmus in milk. 





| Cultures reducing | Culoem 
in itmus. bor 
Number ” | failing to 
cultures. j ys a 
Number. | Percent. i 


Cultures recorded from— 


Per cent. 
| RR Ser eee tere tira tran ne ree ear rr arr ee 23. 53 76. 57 
37- 50 62. 50 
6. 89 93- 10 
82. 86 17. 14 
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THE FERMENTATION OF TEST SUBSTANCES 


In Table V the cultures are arranged on the basis of fermentation or 
nonfermentation of eight test substances. In this table all reactions of 
I per cent or over are counted as positive and those falling below as 
negative. The results given in this table are arranged in a form more 
easily studied in figures 5 and 6. In these diagrams all positive results 
are plotted to the left of a vertical line and the negative results to the 
right. The udder organisms are characterized by the general lack of 
ability to ferment the test substances. They fail almost without excep- 
tion to ferment raffinose and the polysaccharids, but show some tend- 
ency to attack the two alcohols. On the other hand, the 114 cultures 
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Fic. 6.—Graphic representation of the characters of cultures of streptococci from the mouths of cows and 
from infected udders. 


from bovine feces fail almost entirely to utilize the alcohols, but show 
exceptional activity in fermenting the more complex sugars and the 


polysaccharids. 
TABLE V.—Fermentiation of test substances. 
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The cultures from the mouth differ from those from the udder in the 
higher percentages of raffinose, inulin, and mannite fermenters and in less 
action on glycerin and gelatin. They are sharply differentiated from the 
feces organisms in their general failure to ferment starch and the much 
higher percentage of mannite fermenters.' 

The milk cultures are distinguished by the comparatively small num- 
ber of saccharose fermenters, the failure to ferment raffinose, starch, and 
inulin, and the active fermentation of both mannite and glycerin. 


THE LIQUEFYING CULTURES 


It will be noted that with the exception of a few obtained from milk, 
all of the liquefying cultures came from the udder. If we consider the 
11 gelatin-liquefying cultures as a group we obtain the data given in 
Table VI, which shows that the liquefaction of gelatin is not an isolated 
variation from the type but is correlated with an ability to utilize the 
alcohols, mannite,and glycerin. This peculiar correlation between gelatin 
liquefaction and glycerin fermentation was also noticed in the colon group. 


TABLE VI.—Comparison of liquefying and nonliquefying cultures of streptococci from 
the udder. 
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The characters of the 11 cultures included in Table VI agree very 
closely with the ‘ Group C”’ of the article by the writers on the lactic- 
acid bacteria. If we divide the udder cultures into gelatin-liquefying 
and nonliquefying groups, we obtain figure 7, in which the cultures are 
arranged as in figures 5 and 6. This gives two groups in each of which 
the cultures show distinctive characters and remarkable uniformity. 

We have, then, at least three sharply defined varieties: Two from 
the udder, of which one has weak fermentative ability, attacking only 
dextrose, saccharose, and lactose, with an occasional culture-producing 
acid from mannite, inulin, or starch, and a second less numerous type, 
which liquefies gelatin and ferments dextrose, saccharose, lactose, 
mannite, and usually glycerin; and one from bovine feces, character- 





1 Since this paper was written, a communication by C. A. Fuller and V. A. Armstrong entitled ‘‘ The 
differentiation of fecal streptococci by their fermentative reactions in carbohydrate media” has appeared 
in the Jour. of Infect. Diseases, v. 13, mo. 3, D. 442-462, Nov., 1913. The characteristics of their cultures 
from bovine feces agree in all essential particulars with those found by the writers. 

2 Rogers, I,. A., and Davis, B. J. Methods of classifying the lactic-acid bacteria. U.S. Dept. Agr., Bur. 
Anim, Indus. Bul. 154, 30 p., 6 fig. 1912. 
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ized by its active fermentation of sugars and polysaccharides and gen- 
eral failure to ferment the alcohols, mannite and glycerin. The group 
from the mouth has certain distinctive characters, but is not as clearly 
defined as the other three groups. It will need additional study before 
it can be described as a distinct variety. 

If we consider the milk cultures individually, we find that two of them, 
ik and i, clearly belong with the feces group. The one which liquefies 
gelatin has the characters of the typical liquefying udder culture. 
The remaining 39 cultures may be placed with the nonliquefying udder 
organisms. If, however, we assume that the fermentation of mannite 
and glycerin places the nonliquefiers with the liquefiers, an assumption 
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Fic. 7.—Diagram showing the fermentation reactions of two types of udder cultures of streptococci. 


based on the possible variation of the liquefying power, we obtain a 
division of the milk cultures as shown in Table VII and figure 8. Thus, — 
we obtain two groups agreeing very closely with those into which we 
were able to separate the udder cultures. This points very strongly to 
the infected udders rather than to the feces as the source of chain-forming 
cocci growing in lactose broth at 37° C. 


TABLE VII.—Two possible groups of the milk cultures. 
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The same test applied to the mouth cultures would show that almost 
any individual culture could be included in the feces group. However, 
almost any mouth culture would be an exceptional, not a typical, feces 
culture. A culture fermenting saccharose, lactose, raffinose, and mannite 
could be either from the mouth or from feces, but there is a high proba- 
bility that it would be of buccal origin. On the other hand, a culture 
fermenting saccharose, lactose, raffinose, and starch, but failing to fer- 
ment mannite or glycerin, would almost certainly be of fecal origin. 


RELATION OF THESE GROUPS TO NAMED VARIETIES 


It would be difficult to identify all of these groups with previously 
described species. Until the work of Gordon, few cultures were described 
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Fic. 8.—Diagram showing a possible grouping of the milk cultures of streptococci. 


on the basis of the fermentation of a large number of test substances, 
and in only a very few cases have the cultures been obtained from a 
definite source. An exception may be made of the pathogenic bacteria 
in which the cultures described have been selected from definite and very 
similar sources. Among the streptococci we have an example in the 
pus-forming organism generally described as Streptococcus pyogenes. In 
Table VIII are compiled the typical reactions given for Streptococcus 
pyogenes by three investigations. The reactions given by Andrewes and 
Horder are compiled from a large number of cultures, and those given 
by Gordon are from a number of his own cultures.' Those given by 
Bergey are the reactions of a comparatively few typical cultures.? So 





1 Andrewes, F. W., and Horder, T’. J., A study of the streptococci pathogenic for man. Lancet, v. 2, 
nO. I1, Pp. 708-713; MO. 12, P. 775-782; MO. 13, P. 852-855. 1906. 

Gordon, M. H. Report on an investigation of the fermentative characters of streptococci present on 
fauces during scarlet fever. goth Ann. Rpt. Local Govt. Bd. [Gt. Brit.], 1910-11, Suppl. Rpt. Med. Off., 
P. 302-31, 911. 

2 Bergey, D.H. Differentiation of cultures of streptococcus. Jour. Med. Research, v. 27 (n. s., v.12), 
no. 1, Pp. 67-77. 1912. 
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far as it is possible to make comparisons, the reactions given agree very 
closely with our nonliquefying udder cultures. 


TaBLE VIII.—Results of fermentation tests of Streptococcus pyogenes described in the 
literature. 
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A still further comparison is possible by the tabulation of the fermen- 
tation reactions of five typical cultures of Streptococcus pyogenes obtained 
through the courtesy of Prof. C. E. A. Winslow, of the American Museum 
of Natural History. These results are given in Table IX. Although 
some of these cultures have been grown on artificial media for many 
years, they still exhibit the same general characters as our freshly isolated 
udder cultures—namely, an ability to ferment dextrose, saccharose, and 
lactose, general failure to ferment raffinose and the polysaccharids, and 
an erratic tendency to ferment the alcohols. Unfortunately the gelatin 
test was not made on these five cultures. The fermentation of glycerin 
by three of the five indicates that they may have been of the liquefying 
type. Savage in 176 cultures of streptococci isolated from cases of mastitis 
found that 95 per cent liquefied gelatin.' His cultures differed from 
both the typical S. pyogenes and our liquefying cultures in that 49 per 
cent fermented raffinose. 


TABLE IX.—Results of fermentation tests of five cultures of Streptococcus pyogenes from 
American Museum of Natural History (New York) collection. 








New Vork Post Graduate Medical College (fatal sep- 
ticemia) 

Dr. Bien, Chicago, Ill. (abscess in erysipelas) 

Boston Board of Health (urine) 

Johns Hopkins University 

Michigan Agricultural College 





























VARIATION FROM TYPE IN THE UDDER ORGANISMS 


The trouble from infected udders at both the Beltsville and Annapolis 
farms was in the nature of an epidemic. The infection apparently 
spread from cow to cow and became so severe that at Annapolis one or 





1 Savage, W. G., Report upon the bacteriology and pathology of “‘Garget’’ (or mastitis) in cows. 37th 
Ann. Rept. Local Govt. Bd. [Gt. Brit.], 1907-8. Suppl. Rept. Med. Off., pp. 359-424. 1909. 
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more cows were rendered useless. There was no apparent connection 
between the two epidemics except that they occurred at about the 
same time. We may assume that these epidemics originated in one 
of two ways, either of which must admit more or less variation in phys- 
iological reactions from the original type. It may be possible that the 
udders of one or more cows may have become infected by some of the 
streptococci coming originally from the mouth, intestines, or other 
sources. Under the influence of its new environment this organism may 
have acquired pathogenic properties sufficient to produce the symptoms 
observed in mammitis. Heinemann has shown that pathogenicity is a 
property readily acquired when ordinary streptococci are grown in ani- 
mals.! If these infecting organisms came from the mouth, the intes- 
tines, or the milk they must have acquired in a comparatively short time 
an entirely new set of biochemical reactions in addition to a variation 
in pathogenicity. On the other hand, we may assume with much more 
appearance of reasonableness that the infection spread from a single 
infecting cell or aggregate of similar cells which already possessed patho- 
genic powers and general characters identical with those we have found 
to be characteristic of the udder organisms. This assumption is in accord 
with the established fact that streptococci from pathological lesions in 
general have similar biochemical reactions. If the infection in these two 
cases came from various sources, it must follow that growth under 
similar conditions would produce uniform fermentation reactions in a 
short time, a view held by Walker, who maintains that these reactions 
may be varied almost at will and can only indicate the latest habitat of 
the culture.” If the infection came from a single cell, there must have 
been some variation, since the fermentation reactions were not identical 
at the time of this isolation. 

In Table X are shown the varieties of nonliquefying udder cultures and 
the number occurring in each of the two herds. There were seven varie- 
ties in all. The most numerous one ferments dextrose, saccharose, and 
lactose only and occurred 24 times, equally divided between the two 
herds. The next most numerous variation differed from the first in 
failing to ferment saccharose and occurred 8 times. A third variation 
fermented mannite in addition to dextrose, saccharose, and lactose and 
occurred 4 times. The remaining four varieties evidently occur only 
once or twice in every 40 cultures. Viewed from any standpoint it is 
evident that these organisms are subject to variation from the type, but 
these variations are not of sufficient magnitude or frequency to detract 
from the value of the physiological reactions as a means of establishing 
true species. 





1 Heinemann, P. G., The pathogenicity of Streptococcus lacticus. Jour. Infect. Diseases, v. 4, no. 1, 
DP. 87-92. 1907. 

2 Walker, E. W. A., On variation and adaptation in bacteria, illustrated by observations upon strepto- 
cocci, with special reference to the value of fermentation tests as applied to these organisms. Proc. Roy. 
Soc. [London], s. B, v. 83, m0. 567, P. 541-558. 911. 











Journal of Agricultural Research Vol. I, No. 6 





TABLE X.—Variation from type in nonliquefying udder cultures. 
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SUMMARY 


A collection of cultures of streptococci was made consisting of 42 cul- 
tures from milk which formed chains in lactose bile at 37° C., 51 cultures 
from infected udders, 114 cultures from bovine feces, and 39 cultures 
from the mouths of animals. 

The morphology varied under different conditions and could not be 
correlated with the source of the culture, except that the udder cultures 
had a more marked tendency to chain formation than those from other 
sources. 

The ability of these cultures to liquefy gelatin and to form acid from 
dextrose, lactose, saccharose, raffinose, starch, inulin, mannite, glycerin, 
dulcite, and adonite was determined. Only one or two cultures utilized 
adonite or dulcite. 

When glycerin was attacked, the fermentation proceeded slowly, fail- 
ing to reach its maximum in 14 days, in contrast to the fermentation of the 
sugars, in which the maximum was reached in two or three days. 

A high percentage of the udder cultures failed to give the character- 
istic reduction in litmus milk. 

Twelve cultures liquefied gelatin; one of these came from milk and 11 
from infected udders. 

The cultures from feces were characterized by their activity in fer- 
menting the sugars, including raffinose, and their inability to utilize the 
alcohols. 7 

The mouth cultures fermented dextrose, saccharose, lactose, mannite, 
and freqently raffinose, but were almost without effect on starch and 
glycerin. 

The udder cultures were characterized by the general lack of fermen- 
tative ability, which was limited almost entirely to dextrose, saccharose, 
and lactose, with a comparatively small number utilizing mannite, 
glycerin, and gelatin. 

When the udder cultures were divided on the basis of gelatin lique- 
faction, two groups were obtained. The fermentative activities of one 
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of these, which are similar to those of Streptococcus pyogenes, were limited 
to dextrose, saccharose, and lactose, with an occasional culture ferment- 
ing mannite, starch, or inulin. The second group fermented the three 
simple sugars, mannite, and usually glycerin and liquefied gelatin. 

When the milk cultures were considered individually, it was found 
that with the exception of two which clearly came from feces they could 
be included in one or the other of the two groups into which the udder 
cultures were divided. 

Of the 41 nonliquefying udder cultures 24 gave identical reactions. 
The remaining cultures differed from the type in one or two characters 
only. 


28736°—14——6 





PRELIMINARY AND MINOR PAPERS 





CRYSTALLIZATION OF CREAM OF TARTAR IN THE 
FRUIT OF GRAPES 


By Wiu1amM B. ALwoop, 
Chief, Enological Laboratory, Bureau of Chemistry 


During the chemical examinations made of the ripening fruit of grapes 
in the Enological Laboratory, Charlottesville, Va., the writer was led to 
conclude that the acid salt bitartrate of potassium was deposited from 
the juice in quantity sufficient to sensibly affect the analytical results. 
This led to the preparation of samples by the complete exhaustion of the 
soluble constituents of the berries, with results which supported the 
above conclusion. : 

The question of the character and location of the crystals of cream of 
tartar in the berry presented itself as a matter of interest and possibly of 
practical importance. The literature available did not furnish specific 
information on this point. Babo and Mach, in their exhaustive treatise, 
give but one brief reference to the occurrence of this salt in crystals in the 
fruit. 

As soon as the fruit was well colored at Charlottesville in 1912 a series 
of microscopic examinations was undertaken to determine whether 
crystals of bitartrate of potassium occurred in the fruit. Portions of 
Concord grapes were prepared and examined daily until the fruit was 
ripe. Minute crystals varying much in shape and size were found in 
great abundance in the soft cells lying just beneath the skin of the fruit. 
Crystals were not present at any time in the pulp or compact portion of 
the flesh in which the seeds are contained. Like examinations of Con- 
cord and Catawba were carried on at Sandusky, Ohio, in September and 
October, 1912, and crystals of the same general type were found. 

The fact that many of the crystals found in the berries did not conform 
in type to crystals of the bitartrate prepared from pure cream of tartar 
made it doubtful as to whether potassium bitartrate was deposited or not. 
Therefore, the fruit was separated into portions for the purpose of a 
chemical examination covering this point. The tough pulp containing 
the seeds of 1,500 grams of ripe berries was separated from the hulls and 
soft peripheral layer of cells which adhere to the hulls. This layer con- 
tains the coloring matter. The hulls and pulp were then carefully pressed 
by hand and the juice of each recovered and held separately. This gave 
three portions: (1) The pressed hulls, (2) the juice recovered from the 
hulls, and (3) the juice recovered from the pulp. 

In preparing the sample all the juice possible was recovered from the 
sample of hulls and pulp; that is, they were entirely exhausted so far as 
crushing and pressing could accomplish this result. The pressed hulls 
were then carefully macerated in distilled water until the soluble organic 
matter was exhausted. These portions showed on analysis the results 
given in Table I. 





1 Babo, A. F., and Mach, E. Handbuch des Weinbaues und der Kellerwirtschaft. Aufl. 4, Bd. 2, 
p. 16. Berlin, 1910. 
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TABLE I.—Analyses of Concord grapes in 1912, giving the percentage by weight of acids 


and acid salts. 





Portion analyzed 


Total acid. 


| 


Total tar- 
taric acid. 





Hulls exhausted with water............. 


Juice pressed from hulls 
Juice pressed from pulp 


0. 429 
« E4Qr 
1. 065 


9, 589 | 


- 054 | 


Free tar- 


taric acid. 


0. 08 
-0o 
.20 


Cream of 
tartar. 


0. 56 
- 07 
- 59 











ace 





@ The results show for the samples of ‘‘hulls’’ a greater content of tartaric acid than the total titratable 
acid of thesamples. ‘This is always the case in grape samples where the “acids other than tartaric’’ fall 
below a certain propertion. 

The results show that the juice pressed from the hulls is very low in 
acid and acid salts, and that, while the organic matter remaining in the 
hulls after pressure is less than half as acid as the pulp, it is rich in tar- 
taric acid and cream of tartar, in these regards nearly equaling the 
percentage found in the juicy pulp. The actual weight of the pressed 
hulls was 304 grams, or one-fifth of the original sample of fruit. From 
the results given, it would appear that the hulls when pressed dry still 
retained the crystals observed with the microscope, and actual observa- 
tion has demonstrated this fact. The results for tartaric acid and 
cream of tartar settle the point as to the composition of these crystals. 

Analyses of like import were made at Sandusky, Ohio, of samples of 
Catawba and Concord grapes. The results show that the acid content 
of the soft layer of cells attached to the hulls is proportionally richer in 
tartaric acid and cream of tartar than the pulp. 

In 1913 the microscopic examinations were begun much earlier, and 
four varieties of grapes were included—Delaware, Concord, Niagara, 
and Norton. ‘The presence of crystals of bitartrate of potassium could 
be observed before the berries were all colored, and the analyses of 
partly ripe fruit confirm the results of 1912. These samples were sep- 
arated into two portions only, the hulls and the pulp, as noted above; 
then each sample was completely exhausted of soluble organic matter 
by repeated macerations and heating in distilled water. Table II gives 
the results for one set of samples from each of two varieties. 


TABLE II.—Analyses of grapes in 1913, giving percentage by weight of acids and acid 
salts 


CoNcORD. 





Portion analyzed 


Total acid. 





0. 95 
I. 43 


NIAGARA. 


0. 67 
. 96 








Total tar- 
taric acid 


Free tar- 
taric aeid. 


Cream of 
tartar. 





| 
ay, 11 | 
*79 | 


40. 93 | 
- 83 | 


° 
. 18 





I. 33 
. 82 


- 57 





@ The results show for the samples of ‘‘hulls’’ a greater content of tartaric acid than the total titratable 
acid of the samples. This is always the case in grape samples where the ‘‘acids other than tartaric’’ fall 


below a certain proportion. 


There are crystals other than bitartrate present in the fruit, but this 
paper is intended only to record an observation which may have peculiar 


interest. 


Further details of the investigation will appear later. 





THE REDUCTION OF ARSENIC ACID TO ARSENIOUS 
ACID BY THIOSULPHURIC ACID 


By RoBert M. Cuapir, 
Senior Biochemist, Bureau of Animal Industry 


While endeavoring to work out a practicable field method for the esti- 
mation of the total arsenic—that is, a method which should include both 
arsenites and arsenates—in arsenical baths used for dipping cattle, studies 
were made upon the effect of various reducing agents which are able to 
absorb iodin in acid solution upon the well-known reversible reaction, 
As(OH),+ 21+ 2H,O=—As(OH),+2HI. Unless the solution in which this 
reaction is taking place is freely acidified with a strong mineral acid or 
heated, the progress of the reaction from right to left is inconveniently 
slow. It was found that the addition of sodium thiosulphate apparently 
so greatly aided the reduction that it rapidly went to completion, even 
in cold and but slightly acid solutions. From this observation it was 
but one step to discover that the presence of hydriodic acid played no 
part whatever, the reduction of arsenic acid to arsenious acid being 
quickly and completely effected by treatment with a mixture of sodium 
thiosulphate and mineral acid alone. 

It has long been known that arsenic, like some other metals, may be quan- 
titatively precipitated as sulphid by sodium thiosulphate in a boiling acid 
solution. In the present case, however, provided the conditions are right, 
there is no formation of arsenious sulphid. 

The reactions which may follow from the acidification of a solution of 
sodium thiosulphate are complex and variable, depending upon tempera- 
ture, dilution, relative proportions of thiosulphate and acid, and pos- 
sibly upon the order in which the admixture is made. The matter has 
most recently been discussed by Stiasny and Das,' who studied the reac- 
tions between such a mixture and potassium bichromate, a problem simi- 
lar in nature to the one here under consideration. 

Preliminary experiments showed that (1) the rapidity with which the 
reduction of arsenic acid progresses is mainly dependent upon the con- 
centration of hydrogen ions, the organic acids, except oxalic, operating 
very sluggishly, and (2) the nature of the reactions probably depends to 
a considerable extent upon whether arsenic or thiosulphuric acid is in 
excess and is also varied by the order in which the three components, 
arsenic acid, thiosulphate, and mineral acid, are mixed if the operation of 
mixing occupies any considerable time. 

The present series of experiments was limited to the study of the 
reactions occurring when a mixture of arsenic acid, or arsenate, with 
excess of sodium thiosulphate is acidified with an appropriate amount of 
hydrochloric or sulphuric acid, such being the conditions which must 
necessarily prevail in any method for the quantitative estimation of arsenic 
which might be based on the reactions. The solutions employed were 





1Stiasny, Edmund, and Das, B.M. Reaction between sodium thiosulphate and a mixture of potassium 
bichromate and sulphuric acid. A contribution to the chemistry of chrome tannage. Jour. Soc. Chem. 
Indus., v. 31, nO. 16, DP. 753-759. 1912. 
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(1) a tenth-normal (oxidimetric) solution of arsenic acid prepared by 
oxidizing arsenious acid with nitric acid and expelling excess of the latter, 
(2) a tenth-normal solution of sodium thiosulphate, (3) a twentieth-normal 
solution of iodin, free from iodate, and (4) normal hydrochloric acid. 
The equivalents of the solutions were as follows: 

Ten c. c. of the solution of arsenic acid reduced, after Williamson, with 
hydrochloric acid and potassium iodid and then rendered alkaline with 
an excess of sodium bicarbonate required 19.74 ¢c. c. of the iodin solution. 

Twenty c. c. of the solution of sodium thiosulphate required 39.50. c. 
of the iodin solution. To the solution of sodium tetrathionate thereby 
resulting there were added 10 grams of dry sodium carbonate and the 
solution, loosely covered, was heated one hour upon a steam bath. It 
was then cooled, diluted, acidified to litmus paper with acetic acid, and 
without delay titrated with iodin solution, of which 39.45 c. c. were 
required. 

In the experiments to be described a measured quantity of arsenic acid 
was diluted to 25 c. c. and was mixed—whether previously neutralized or 
not appeared to be immaterial—with 20 c. c. of thiosulphate added from 
a burette, and then with 10 c. c. of normal hydrochloric acid added from 
a pipette. When containing moderate amounts of arsenic, the mixtures 
remained perfectly clear for possibly 15 minutes, disengaging but a slight 
odor of sulphur dioxid. After a variable time an opalescence would appear, 
rapidly increasing and becoming yellow and accompanied by a pronounced 
odor of sulphur dioxid. For quantitative work the action obviously must 
be stopped before the separation of sulphur and arsenious sulphid becomes 
perceptible. From the considerable number of experiments only enough 
will be described to show the natuie of the reactions occurring. 

EXPERIMENT No. 1.—Ten c. c. of the solution of arsenic acid, 15 c.c.of water, 20c.c. 
of the solution of sodium thiosulphate, and 10 c. c. of hydrochloric acid were mixed 
and allowed to stand for 74 minutes. The solution was then titrated with the iodin 
solution, using starch indicator (titration I), after which sodium bicarbonate was 
added, avoiding unnecessary excess, and titration with iodin continued (titration IT). 
The end point of titration II was but briefly persistent, owing to the tendency of 
sodium tetrathionate to be oxidized to sulphate by iodin in alkaline solution. Next, 
10 grams of dry sodium carbonate were added and the solution, loosely covered, was 
heated for 1 hour on a steam bath. ‘Then it was cooled, somewhat diluted, acidified 
to litmus paper by acetic acid, and immediately titrated again with iodin (titration 
III). The results obtained were as follows: 


Titration I 20. 50 c. c. of iodin. 
Titration II 19. 75 c. c. of iodin. 
Titration III 35-25 c. c. of iodin. 


EXPERIMENT No. 2.—Experiment No. 1 was duplicated, with the single exception 
that the mixture was allowed to stand but 214 minutes before titration I wasstarted. 
The results were as follows: 


Titration I 20. §5 c. c. of iodin. 
Titration IT 19. 80 c. c. of iodin. 
Titration ITI 35. 55 c. c. of iodin. 


Titration I removes the excess of reducing agent without affecting any arsenious 
oxid present, provided a sufficient quantity of hydriodic acid be also contained in 
the solution. To insure this condition, it is safer to add a little potassium iodid just 
before beginning titration I, though in case of experiments Nos. 1 and 2 sufficient 
was introduced during the titration itself. Titration II measures the arsenious acid 
formed by the reduction of arsenic acid. 

Comparing now the results of titration II with the iodin equivalent of the arsenic- 
acid solution, it is evident that the reaction is quantitative as respects arsenic. Com- 
paring the sums of titrations I and II (1) 40.25 and (2) 40.35 c. c.) with the iodin 
equivalent of the thiosulphate solution (39.50 c. c.), it appears that the formation of 
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sulphurous acid is very slight and that the essential reaction involves the formation 
of tetrathionic acid, as follows: 
As(OH);+2H,S,0,;=As(OH);+H,S,0,+2H,0. 

A notable formation of any other acids of sulphur would necessarily result in a 
markedly higher figure for titration I. 

Corroborative evidence of the essential transformation of thiosulphuric acid to 
tetrathionic acid is given by titration III, for Stiasny and Das have shown that an 
alkali tetrathionate, heated with sodium or potassium carbonate, is nearly quantita- 
tively reconverted to thiosulphate. Titration III shows reformation of a quantity 
of thiosulphate equivalent to (1) 35.25 c. c. and (2) 35.55 c. c. of iodin solution, com- 
pared with an originally introdused quantity of thiosulphate equivalent to 39.50 c. c. 
of iodin, which amount of thiosulphate, as already noted, after oxidation to tetra- 
thionate, digestion with sodium carbonate, and repeated titration, required 39.45 
c. c. of iodin solution. 


To further prove the actual reduction of arsenic acid and also that 
such reduction is brought about by thiosulphuric acid in the absence 
of hydriodic acid, the theoretically possible action of which is not rig- 
orously excluded by the conditions of experiments Nos. 1 and 2, the 
following experiment was performed: 


EXPERIMENT No. 3.—A mixture of arsenic acid, sodium thiosulphate, and hydro- 
chloric acid, made exactly as described in experiments Nos. 1 and 2, was allowed to 
stand for five minutes. After the addition of methyl orange, normal caustic soda 
was run in until only faint acidity remained, as shown by the orange tint of the solu- 
tion. After the addition of a little sodium acetate and a drop or two of acetic acid to 
insure a distinctly acid reaction to litmus paper the solution was titrated cold with 
uranium acetate, using potassium ferrocyanid as indicator. The end point was 
reached upon the addition of 1c. c. of uranium-acetate solution. Five c. c. of the 
arsenic-acid solution was then added and titration continued. The end point was 
again reached upon the addition of 10 c. c. more of uranium acetate, or a total of 11 
c.c. Lastly, 5 c. c. of the arsenic-acid solution, treated in a parallel manner, but 
without any addition of sodium thiosulphate, required 10.75 c. c. of uranium-acetate 


solution. The previous conclusions regarding the nature and extent of the action 
upon arsenic acid were therefore confirmed. 


As previously indicated, a small amount of the thiosulphuric acid 
suffers decomposition into sulphur dioxid and, presumably, sulphur. 
The sulphur does not become evident under the conditions observed, 
being partly held in colloidal solution, but for the most part reacting 
with tetrathionic acid to form pentathionic acid, as shown by Stiasny 
and Das in their investigations already mentioned. The presence of 
pentathionic acid was here shown in a similar manner on several of the 
mixtures while they still remained clear by neutralizing with caustic 
alkali, using methyl orange as indicator. As the neutral point was 
reached, a distinct opalescence appeared which was not affected by 
hydrochloric acid, but which was dissolved after a time by excess of 
caustic alkali. 

The action of thiosulphutic acid upon arsenic acid appears, therefore, 
at least under the particular conditions studied, to be closely parallel 
to the action of thiosulphuric acid upon bichromic acid as described by 
Stiasny and Das. 

For obvious reasons it is not likely that the reaction here noted, 
apparently for the first time, will afford the basis for a desirable volu- 
metric method for use in the laboratory. It may be of value as a con- 
venient means for reducing arsenic acid to arsenious acid preliminary to 
precipitation by hydrogen sulphid. As a basis for a field test, in default 
of anything better, it does offer some promise, and experiments in that 
direction are now under way. 
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